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Monoclonal antobodies to a .rat ..liver nuclear protein (B2, 68 kDa, pI: 6.5-8.2)
have been established and characterized to localize the distribution of this antigen in
nuclear organization. In this study, the distribution of the antigens during cell
replication was studied by the use of IgM and IgG2a in light and electron microscopy
by various immunocytochemical methods.
Three highly proliferative cell populations, two from the human oesophagus
squamous cell carcinoma and one from the rat hepatoma, were used to reveal the
involvment of the phosphoprotein in the nuclear organization during the mitotic cell
cycle of the cancer cells. In the interphase cells of all cell lines, the location of. this
protein was demonstrated predominantly in the euchromatin. The protein B2 was also
found in the granular area of the nucleolus, the internal nuclear matrix, and residual
nucleolus of the nuclear matrix. During the mitosis, as the chromatins condensed into
chromosomes the B2 protein remained closely associated with them. In the surface of
the condensed chromosomes, only some of the antigens were localized by the IgG2A
and they were immunonegative by the IgM. However, detection of antigens by IgM
in the histone-depleted chromosomes showed extensive distribution of phosphoproteinl
B2 among the dispersed chromatin. From the above observation, it is suggested that
this 68 kDa nuclear protein may be associated with active DNA transcription in the
interphase nuclei and maintenance of the chromosomal architecture during the cell
cycle.
The regenerating liver cells after partial hepatectomy provide well synchronized
normal cell mitoses for the comparision of the distribution of B2 phosphoprotein in
2normal cell division. In the regenerating liver cells, 12 and 20 hours after the
operation, the phosphoprotein B. is predominantly in the euchromatin as compared to
the resting liver cells which is mainly in the nuclear matrix and heterochromatin.
During the mitosis, the phosphoprotein is also associated with the chromosomes. The
changes of the phosphoprotein B2 were also studied in the meiotic division and the
spermiogensis of the germ cells in the rat seminiferous epithelium. The mitotic
division of the spermatogonia and the meiotic division of spermatocytes, the
phosphoprotein followed the same association with the chromosomes.
In spermiogenesis, the phosphoprotein B2 was shown to have phase dependent
changes in number and distribution. A temporal increase in synthesis of this protein
was suggested during the spermiogenesis. The. high' quantity of this protein in the
mature sperm head suggests its role in the maintenance of the DNA organization in a
compact form.
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Biologists have long known that the control of cell division is one of the most
basic aspects of multicellular existence. Throughout embryological development, as
well as through all of adult life, many differentiated cells have the choice to divide
or not, and only if a programmed series of correct decisions is made can the
respective organizations continue to function normally. If the cells divided when they
should not, they would produce the contiguous cellular masses called. tumors. The
different classes of cancer arise from the changes in the various forms of
differentiated cells, with the resulting cancer cells exhibiting many of- the
morphological and functional characteristics of their normal precursors. Most often,
they arise from cells undergoing frequent division, and so their essence is not the fact
that they can divide rapidly, but they lack normal control system to shut off
unwanted cell division. So a prime scientific goal for most of this century has been
to find out the essence biochemical differences between the normal and cancer cells
(Watson et al, 1987).
The heterogenous and tissue-specific properties of nonhistone chromosomal
proteins (NHCP) has aroused great interest in their role in specific control of gene
expression (reviewed by Chiu & Hnilica, 1977 Liew, 1979). Phosphorylation of the
NHCP was found to be involved in the regulation of gene expression (Stein et al,
1974 Kleinsmith et al, 1976 Jungmann Russell, 1977). Specific phosphoprotein(s)
were isolated from different cells in order to study their specific roles (Kleinsmith,
1973; Kostraba et al, 1975; MacGillivray et al, 1978; Patel & Holoubek, 1974
2Goldknopf et al, 1975; Herrick & Alberts, 1976; Bluthmann. 1976). In 1976, a 68
kDa phosphoprotein called B2 was isolated from rat liver nuclei by micrococcal
nuclease digestion and the phosphoprotein was identified in the chromatin subunits
(i.e. nucleosomes) (Liew & Chan, 1976). From various pieces of evidence (Liew et
al, 1984, 1988; Halikowski & Liew, 1985, 1986; Chew, 1989a), this phosphoprotein
is known to be closely associated with both actively transcribed chromatin and the
nuclear matrix. It is also tighly coupled to cell proliferation and possesses a tentative
myc protein immunological cross reactivity (Liew et al, 1988). Monoclonal antibodies
(e.g. IgM, IgG1 and IgG2a) against the phosphoprotein B2 have been produced
(Halikowski & Liew, 1985).
That normal liver cells can be stimulated to divide by the partial hepatectomy
has long been reported. The time sequence of changes has also been well documented
(Stowell, 1948 Weinbren, 1959; Butl er & Cohn, 1963; Harkness, 1957p Mayfield &
Bonner, 1972; Murray, et al, 1981). The regenerating liver cells provide a rather
synchronous cell population for the study of normal cell replication. Kostraba and
Wang (1970) have used regenerating liver as an experimental model for studying the
' temporal relationships between the chromosomal protein and DNA synthesis. The non-
histone proteins showed an increased incorporation up to approximately 12 hours after
hepatectomy. The initial increase was followed by a slight decrease in synthetic
activity ending.. at 18 hours. Following this, the synthesis of all nonhistone proteins
increased rapidly in conjunction with the increased DNA replication, peaking at about
25 hours.
Spermiogenesis is a precise temporal sequence in which the haploid germ cell
undergoes an intricate transformation that is manifested by the assembly of the tail
(Fawcett & Phillips, 1969, 1970), formation of the acrosomes (Dooher & Bennett,
31973), and condensation and shaping of the nucleus (Fawcett et al, 1971; Dooher
Bennett, 1973). Several structures including the manchette, chromatoid body, Golgi
complex, and endoplasmic reticulum presumably contributed to the process of
differention. These and other cytoplasmic constituents, however, are subsequently
either degraded or discarded within the residual body. Clearly, these morphological
events predicate considerable demands for the synthesis of new proteins, some of
which apparently have transitient function while others become integral compounds of
the spermatozoon (O'Brien Bellve, 1980). Stick and Schwarz (1982) discovered
that nuclear lamina disappeared in the germ line in chicken, mouse and Xenopus
testes. They suggested the loss of lamina from meiotic cells may be a widespread
phenomenon. Moreover, many nonhistone proteins were found replaced during the
spermatogensis with a characteristic transition of several germ line specific proteins
(reviewed by Grime, 1986).
In the present study, the in situ localization and distribution of this nuclear
phosphoprotein in interphase and during the cell cycle in the proliferating cells of the
regenerating rat liver were determined. The changes were also studied in two human
,squamous oesophagus. cell lines and a rat hepatoma cell line. Both cell lines are rapid
growing. Moreover, the fate of the B2 protein during spermatogenesis was also
investigated. Several immunocytochemical methods, namely PAP methods, ABC





The nucleus is the central repository of the genetic information of all eukaryotic
cells and controls the cell's functions. Based on microscopic studies, the interphase
nucleus has been divided into structurally and functionally different territories: the
nucleoli, the dense and diffuse chromatin, and the nucleoplasm, all of them
surrounded by the nuclear envelope (Hay & Revel, 1963). The organization of the
interphase nucleus is not random but based on the topologically defined preservation
of elements from mitotic chromosomes by the interaction between DNA, chromatin
and what may be termed nonchromatin structure (Bonteille et al, 1983).
Similar to the cytoskeleton of the cytoplasm, the nuclear matrix is the insoluble
skeletal framework of the nucleus. This ..underlying structure was revealed following
extraction from the nucleus of the nuclear membrane phospholipid and the chromatin
by a series of sequential treatments with a nonionic detergent (Triton-100), DNaseI, a
hypotonic buffer containing very low concentrations of divalent cations (0.2 mM
MgCl2), and a hypertonic salt buffer (e.g., 2M NaCl). The resulting residual structure,
the nuclear matrix, resembled the nucleus in size and shape (Berezney & Coffey,
1974; Shaper et al, 1979). It contained 10% of the total nuclear protein, 30% of the
total nuclear RNA, 1 to 3% of the total nuclear DNA, and 2 to 5% of the total
nuclear phospholipid (Berezney, 1984).
5The nuclear matrix is a universal feature isolated from a wide variety of
mammalian and non-mammalian cell types (reviewed by Shaper et al, 1979 Barrack
& Coffey, 1982) and referred to in various ways, including nuclear framework,
nuclear skeleton, nuclear scaffold, nuclear ghost, nuclear cage, or chromatin-deplete
nucleus (Nelson et al, 1986). In general, nuclear matrix preparations from different
cells and tissues possess three common structural entities: pore complex-lamina,
residual nucleoli, and internal matrix.
2.1.1.1 Pore complex-lamina
The pore-lamina contains 2-3% of the total proteins of the nucleus and has an
overall composition of 95% protein, 3% DNA and 2% RNA (Dwyer & Blobel, 1976).
The nuclear pore complexes are large organelles embedded in and spanning the
two membrane layers, and form channels for nucleocytoplasmic transport through the
nuclear envelope (reviewed by Newpot & Forbe, 1987). They are non-randomly
distributed on the nuclear surface, which is composed of two sets of eight globular
subunits. One principal polypeptide of MW 68,000 dalton was identified both in
amphibian oocytes and rat liver, suggesting it to be a universal component of the
pores (Frank, 1970, 1974; Hancock & Boulikas, 1982).
The nuclear lamina consists of a proteinaceous layer situated adjacent to the
inner nuclear membrane (reviewed by Frank et al 1981; Gerace & Blobel, 1981
Gerace, 1986; Krohne & Benavente, 1986a, b; Newpot & Forkes, 1987). It is an
ubiquitous component of the envelope of somatic cell nuclei, but it is absent from
spermatocytes and spermatids of the chicken (Stick & Schwartz, 1982). The
predominant polypeptides are the lamins, which are proteins in the molecular weight
range of 60,000-80,000 dalton, and which are immunologically related. In mammalian
6and avian species three main lamin proteins, i.e. lamins A, B, and C, have been
characterized (Gerace et al, 1978; Krohne & Benavente, 1986b). The lamina not only
determines the nuclear shapes and the spatial organization of the pore complex, but
seem also to be directly involved in anchoring both the intermediate filaments and the
chromosomes at the nuclear periphery during interphase (Gerace, 1986; Verheijen et
al, 1988; Hancock & Boulikas, 1982).
2.1.1.2 Residual nucleoli
The in situ nucleolus is the site of synthesis and processing of pre-ribosomal
RNA, and of assembly- of the ribosomal proteins and ribosomal RNA into
pre-ribosomal particles. A major phosphorylated protein, nucleolin or C23 (11OK/pI
5.5) was found to be nucleolar-specific* and probably involved in pre-RNA
transcription and ribosome assembly (Bugler et al, 1982).
The nucleolar matrix is referred to the residual structure after DNase I
treatment only (i.e., no RNase treatment). Aggregation and condensation of nucleolar
structure, probably due to the presence of divalent cations, make interpretation of
electron-microscopic images very difficult (Verheijen et al, 1988; Bouteille et al,
1983). Berezney & Coffey (1977) using one-dimensional SDS-acrylamide gel
electrophoresis demonstrated that the nucleolar matrix was relatively devoid of the
characteristic 60,000 to 70,000 dalton polypeptides but enriched in the lower
molecular weight polypeptides (27,000-44,000 dalton) which were basic in charge
(Comings & Peter, 1981). Later, different polypeptides isolated from different cells
were reported (reviewed by Verheijen et al, 1988). However, the C23 protein was
found to be removed during 2M NaCl treatment (Shiomi et al 1986).
72.1.1.3 Internal matrix
The isolated interchromatin matrix lies in the areas surrounding the condensed
chromatin clumps and in the interchromatin spaces corresponding to the in situ
nucleus (Bouteille et al, 1983).
The presence or absence of an internal network in nuclear matrix preparations
depended on the experimental protocols used. These have been included: the effects
of divalent cations (Lebkowski Laemmli, 1982 Bouvier et al, 1985 Dijkwel
Wenink, 1986), the molarity of extraction buffers, the effect of high-salt treatment,
the extent of. disulphide cross-linking during preparation of the matrices (Dijkwel
Wenink, 1986), the order in which the various preparation steps were applied, the use
of (NH4)ZSO4 instead of NaCl for the extraction itself (Capo et al, 1982), the presence
of endolytic enzymes other than proteases inhibited by phenylsuphonyl fluoride
(PMSF) or phenylmethylsulphonyl chloride (PMSC) (Miller et al, 1978 Berezney,
1979). These and other factors that were used in examining the properties of the
matrix have not yet been studied sufficiently (Verheijen et al, 1988).
From chemical fractionation and amino acid analysis of the nuclear matrix
.(Table 1), it was found to consist predominantly of acidic nonhistone proteins
(approximate 80% of total protein) with acidic-to-basic amino acid ratio of 1.46:1
(Berezney Coffey, 1977). Moreover, the one-dimensional SDS-acrylamide gel
electrophoresis ..showed that the matrix was relatively devoid of polypeptides with
molecular weights below 45,000. The majority of the matrix polypeptides range
between' 50,000 to 150,000 dalton. A series of three bands between 60,000 to 70,000
dalton were most prominent and were termed previously lamins A, B and C (Gerace
Bolbel, 1982). However, from the two-dimension electrophoresis, there were some
nonlamina polypeptides (about 50%-70%) which contained several other more basic
8"nonlamina polypeptides" (about 50%-70%) which contained several other more basic
polypeptides in the nuclear matrix that have approximately the same apparent
molecular weight (Berezney, 1984).
The structure of the matrix comprised electron-dense particles, 12-25nm in
diameter, mingled with less dense fibers. The two elements are thought to correspond
to perichromatin and interchromatin granules with their connecting network (Berezney,
1979 Bouteille et al, 1983). The latter was formed of 3- to 5-nm-thick fibers
believed to be polymers of a protein called matricin (Comings & Okada, 1976
Berezney, 1979). Furthermore, it was also generally believed that RNA, such as
hnRNA and snRNA, appeared to be essential for the maintenance of this structure
(Miller et al, 1978; Berezney, 1980; Brasch, 1982; Verheijen et al, 1988). The
hnRNA, shortly after synthesis, associated with* proteins to form fibrillar
ribonucleoprotein (RNP) particles and granules that extend away from the
DNA-protein axis. These fibres (7 nm) and granules (20-25 nm) were mostly referred
to as the nuclear RNP network, whereas the snRNA, which is a capped RNAs,
appears to play a role in processing of mRNA, was also found in• the nuclear matrix
after removal of nuclear membranes and chromatin (Ziene & Penman, 1976; Miller,
et al, 1978; Verheijen et al, 1988).
Moreover, actin (Nakayasu & Ueda, 1983; reviewed by Scheer et al, 1984) and
enzymes, such as topoisomerase I, and II, RNA polymerase II, DNA methylase and
DNA primase, were also found in the nuclear matrix. Actin may be involved in RNA
transcription (Manley et al, 1980) whereas enzymes are involved in DNA and RNA
metabolism (Verheijen et al, 1988).
Viral DNA (Smith et al, 1985) and virus-specific proteins (Jones & Su, 1982
Bibor-Hardy et al, 1985; Khittoo et al, 1986) have also been shown to be. enriched in
9nuclear matrix preparation (Verheijen, 1988).
2.1.2 The role of the nuclear matrix
More and more biological functions have been reported to be associated with
the nuclear matrix. They have included several fundamental processes such as DNA
organization and replication, heterogenous nuclear RNA (hnRNA) synthesis,
processing and transport, as well as hormone action, etc. (Nelson et al, 1986).
2.1.2.1 DNA •organization and replication
DNA is organized in the nucleus in several area including nucleosome, the 30
nm solenoid, and the DNA-loop-domain. Histones were demonstrated essential in the
nucleosome assembly whereas the nuclear matrix were demonstrated to provide fixed
sites for the attachment of the supercoiled loop, each of which consisted of
60,000-100,000 base pairs per loop (Nelson et al, 1986). Moreover, the fixed sites
were also demonstrated to be equivalent to replicons and the loops of DNA were
reeled through these complexes as they were replicated (Fig. 1)(Pardoll et al, 1980
Volgelstein et al, 1980). These superhelical loop-domains were found also attached to
the residual chromosome core scaffold and hence maintained through the mitosis
(Paulson & Laemmli, 1977).
Recently, Lewis et al (1984) have reported that both the interphase nuclear
matrix and the metaphase chromosome scaffold contained a similar protein of 170 kD
which was later shown to be topoisomerase II (Verheijen et al, 1988). This enzyme
regulated DNA superhelicity by altering the linking number of the constrained DNA
loop-domain (Nelson et al, 1986).
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2.1.2.2 RNA transcription and processing
It is now generally accepted that RNA is a component of internal network of
the nuclear matrix (reviewed by Verheijen et al, 1988) and over 95% of the newly
synthesized hnRNA is also associated with the nuclear matrix (Berezney, 1984
Jackson et al, 1984). Since the nuclear matrix provides a continuous structure directly
linking residual nuclear components with the nuclear pore complexes, it has been
suggested that the nuclear matrix not only provides a site for DNA transcription, but
also a structural passageway for RNA transport (Barrack Coffey, 1982).
The organization of nuclear DNA into superhelical domains by the nuclear
matrix implies that the genetically active sequences occupy definite positions along
the loop, and gene regulation would occur if genes are close to the attachment points
of the loop. Pardoll (1980) and Nelkin (1980) demonstrated that active genes such as
ribosomal RNA genes and SV40 sequences were enriched in the residual DNA
associated nuclear matrix in liver nuclei and SV40 transformed 3T3 cells nuclei
respectively. Thus it was proposed that these active genes may be in relatively close
proximity to the matrix (Pardoll Vogelstein, 1980 Nelkin et al, 1980 Norman
Bekhor, 1981). Thus, similar to the DNA duplication, a mechanism (Fig. 2) has been
proposed whereby transcription also occurs as DNA passes through transcription
complexes that are fixed to the matrix, and the nascent RNA is attached to the
nuclear matrix at the 5' cap, and perhaps also at the 3' end (Jackson et al, 1981).
Moreover, -as there were a wide variety of stable small nuclear RNA (snRNA)
species recovered along with the nuclear matrix (Maundrell, et al, 1981 Miller et al,
1978), it has also been suggested that the matrix might also be function in the
hnRNA processing events (Berezney, 1984).
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2.1.2.3 Steroid Hormone receptors
Barrack and colleagues (1982) have identified and characterized specific steroid
receptors associated with the nuclear matrix of both estrogen- and
androgen-responsive tissues. Approximately 50-70% of all the nuclear receptors were
recovered in the isolated nuclear matrix. Moreover, these receptors were steroid
specific and tissue-specific, and accumulated in the nuclear matrix only in response to
an appropriate hormonal stimulus. It appears that the matrix is a significantly
intranuclear site of hormone receptor interaction. It also indicates the direct role for
this receptor-acceptor-matrix interaction in regulating specific genes expression
(Nelson et al, 1986).
2.1.2.4 Preferential binding of carcinogens to the matrix
Some experiments have indicated that the carcinogenic polycyclic aromatic
hydrocarbon, benzo[a]pyrene, was preferentially bound to the nuclear matrix of rat
lung, rat liver, and thymocytes (Berezney, 1984). The covalent binding of the
benzo[a]pyrene was markedly inhibited by presumptive anticarcinogenic vitamin A
compounds, such as- retinol (Nomi et al,. 1981).
2.1.3 Changes in nuclear matrix during mitosis
The nuclear matrix is not a static but a dynamic structure in the interphase
nucleus. Since there is a change in the chromatin organization and the shape of the
nucleus especially during cell cycle, there are accompanied extensive chemical
modifications and structural rearrangements of the nuclear components.
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Evidence was presented that the nuclear matrix is a cycle-dependent site of
increased intranuclear protein phosphorylation. Phosphoserine is the most abundant
phosphoamino acid in the matrix labelled both in vitro and in vivo, although
phosphothreonine and phosphotyrosine are also present. As the maximum
phosphorylation coincides with premitosis, the phosphoproteins may play a role in
mitotic events (Henry Hodge, 1983 Allen et al, 1977).
As the cell approaches mitosis, the nucleolus first decrease in size and then
disappears as the chromosomes condense and all RNA synthesis ceases (Verheijen et
al, 1988). At' prophase the lamins become highly phosphorylated (Ottaviano
Gerace, 1985), followed by disassembling of the nuclear envelope. Many nuclear
matrix proteins, for example, nuclear pore complex proteins (Davis Blobel, 1986
Snow et al, 1987), the lamins (Gerace, 1986), snRNA proteins (Reuter et al, 1985),
and hnRNP proteins (Martin Okamura, 1981) were immunologically demonstrated
as having a shift from their distinct locations to a diffuse cytoplasmic distribution
(Chaly et al, 1984). At telophase this process is reversed (Verheijen et al, 1988).
However, some nuclear proteins, for example, topoisomerase I (Verheijen et al, 1986)
and topoisomerase II -(Earnshaw et al, 1.985), and nucleolar proteins (Pfeifle et al,
1986) appear to be associated with condensed chromosomes in the mitosis (Chaly et
al, 1984).
The proteinaceous component or chromosome scaffold has been isolated by
nuclease digestion and extraction of chromosomal protein (Adolph et al, 1977 Lewis
Laemmli, 1982), and was initially proposed to be a rigid linear axial backbone in
each chromatid responsible for the morphology of metaphase chromosomes (Paulson
Laemmli, 1977). Moreover, certain components of the interphase matrix, namely,
the DNA-attached site domains, persisted in the chromosomal scaffold. structure
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(Paulson & Laemmli, 1977; Adolph et al, 1977). Recent results have suggested that
the chromosome scaffold proteins are a distinct subset of the total chromosomal
proteins which are depleted in lamins A & C but contain a small amount of the
nonlamina 60,000-70,000-dalton polypeptides (Matsui et al, 1981). In addition, Pieck
et al (1987) identified two polypeptides of 47 and 53 kDa in both nuclear matrix and
chromosomal scaffolds suggested to be essential components of the backbone,
whereas Lewis Laemmli (1982) found two higher-molecular-weight peptides of 170
kDa (Sc-1) and 135 kDa (Sc-2) in the chromosome scaffold. Other components that
have been found in isolated chromosome were centromeric proteins (Earnshaw et al,
1985). Despite the controversial experimental data, the chromosomal scaffold, if
present in vivo, is not a rigid structure but a component-of the mitotic chromosome
with dynamic features (Verheijen et.al, 1988).
Table 1. Comparision of amino acid analysis of the nuclear protein
matrix with the nonchromosomal acidic nuclear protein


























Fig. 1 A proposed model for fixed site of DNA replication on the nuclear
matrix. The top drawing in the figure represents a nuclear matrix. The
middle drawing shows a cluster of fixed replication complexes forming a
replisome. DNA is bound via the replication complexes in alternating
replicated and nonreplicated loops. The bottom drawing shows one fixed
replication complex with the DNA being reeled through as it replicated.
The process shown would result in a bidirectionally replicated section of
DNA with the origin of replication at the center of the replicated loop.

















Fig. 2 A model for transcription, a, a fixed complex transcribes DNA between
p and q. b, c, RNA is synthesized as DNA passes through the complex,
the nascent RNA chain being attached at both ends forming a loop.
Transcription' of a helical template- itself attached to the cage- to yield
attached transcripts poses a number of topological problems. If the
polymerase rotates about the helical axis then the transcript can be
separated from its template during synthesis by cutting one and passing
the other through the cut (there is a precedent for cutting RNA during
'splicing'). Alternatively, a fixed topological relationship might be
maintained between the cap and 3' end, perhaps by attaching both to the
polymerase, so that if one rotates then so does the other. If DNA
rotates, then supercoiling is inevitably induced elswwhere in the DNA
and must be stored or released (for example by a nicking-closing












2.2 Nuclear Nonhistone Phosphoproteins
Although all somatic cells contain the same complement of genes,
transcriptional specialization takes place during cellular differentiation which selects
the expression of genetic information in specialized cells (Chiu Hnilica, 1977).
Therefore, the role of the participation of both histones and nonhistone proteins in the
regulation of gene activity has aroused great interest.
However, histones are not tissue specific they are remarkably uniform in
distribution, relative proportion, and composition in widely different cell types,. and
they show an impressive evolutionary stability (Isenberg, 1979). In addition, the
removal of histones from chromatin will greatly increase its capacity to template for
in vitro RNA synthesis and vice versa (Chiu Hnilica, 1977). Thus the role of
histones is considered largely structural their synthesis is tightly coupled to DNA
synthesis their metabolism in the interphase cell is largely concerned with
postsynthetic modifications of structure and charge that modulate their interactions
with DNA (Allfrey et al, 1974).
Nonhistone proteins, on the other hand, constitute a large majority of total
proteins of the nucleus, with high rates of synthesis and turnover. In addition, most
nuclear nonhistone proteins are highly phosphorylated (an average of 4 to 5
phosphorylated amino acid per 100 residues), and the changes of phosphorylation are
associated with cell growth or differentiation, or induced by drugs, hormones, or
transforming agents (Olson, 1984 Lord et al, 1988). Furthermore, the heterogeneity,
tissue and species specificity, and chromatin association of the nonhistone
phosphoprotein infers their involvement in the regulation of gene expression (Olson,
18
1984; Halikowski & Liew, 1988).
2.2.1 General properties of nonhistone phosphoproteins
2.2.1.1 Tissue and species specificity
From the various rat (Teng et al, 1971), bovine (Platz, et al, 1980), and mouse
tissues (MacGillivray & Rickwood, 1974), etc., a recurring observation on the
nonhistone proteins has been that the electrophoretic profiles of these proteins are
more or less tissue-specific. Although many polypeptides are similar in different
tissues within an• organism, significant and reproducible differences in specific
proteins are in evidence in different tissues and in the same tissue at different stages
of development or differentiation (Kleinsmith, 1973; LeStourgeon & Rusch, 1973
Platz & Hnilica, 1973; Guguen-Guillouzo, 1979). The observation of similarities in
nuclear phosphoproteins from different cells and tissues is not surprising as most
nuclear functions must be universal for all cell types. However, those tissue- and
species- specific nonhistone proteins may have an important role in specific gene
regulation (Kleinsmith, 1973; Olson, 1984).
2.2.1.2 DNA binding
Nonhistone phosphoproteins were demonstrated to have the greatest degree of
binding with DNA of the same species (Teng et al, 1971). These DNA binding
proteins specifically stimulated transcription of DNA with homologous RNA-
polymerase but not with bacterial RNA polymerase. Furthermore, some
phosphoproteins were isolated that bind with high affinity to specific DNA sequences
after high salt extraction of chromatin, thus indicating their species-specificity and
their role in gene expression (Olson, 1984; Halikowski & Liew, 1988).
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In mouse ascites cells, both the binding of a DNA-binding protein to the
single-strand DNA but not to duplex DNA, and the ability of this protein to stimulate
DNA polymerase acivity, were reduced after phosphorylation, indicating its role in
"helix-destablizing" (Knippers et al,1977). Moreover, since protein idnase can
stimulate DNA synthesis in cultured liver cells but this ability is abolished by kinase
inhibitor, this suggests that specific phosphorylation of DNA-binding proteins may be
related with initiation of DNA synthesis (Whitfield & Boynton, 1980; Weigel et al,
1981). Furthermore, a highly phosphorylated helix destabiling protein was present
mainly between the S phase of the meiotic cell cycle and the termination of
chromosome pairing in rat spermatocyte meiotic cells, suggesting that these
DNA-binding phosphoproteins may also be involved in genetic recombination (Hotta
Stern, 1978).
2.2.1.3 Nonhistone phosphoprotein and the cell cycle
Although the phosphorylation of the H1 and H3 were demonstrated to be
strongly corelated with the onset of chromosome condensation and mitotic initiation
(Hohmann et al, 1976; Gurley et Al, 1981), the superphosphorylation of H1 can occur
without any condensation (Jungmann et al, 1981; Adlakaha et al, 1985). Therefore,
instead of histones, the phosphorylation of the nonhistone protein may be related to
mitotic-related events. The changes of phosphate content of the intermediate filament
protein (Evans & Fink, 1982) and lamina proteins (Gerace & Blobel, 1980) has been
implicated in the dissolution-reformation of the nuclear envelope, whereas the
phosphorylation of HMG protein reduces gene transcription during the mitosis
(Bhorjee, 1985). Generally, the protein phosphorylation is highest in the late G1 and
S phases when the rate of RNA synthesis is maximal (Rao, et al, 1986).
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2.2.1.4 Hormones and chemical agents
Various hormones such as testosterone, corticosterone, aldosterone, estradiol,
cAMP, etc., and chemical agents such as azo dyes, concanavalin A, phenobarbital,
etc., that stimulate transcription induced a corresponding quantitative change in
nonhistone protein and (or) their phosphorylation with increase in transcription (Olson,
1984; Toft et al, 1985). Moreover, the steroid receptors reside primarily in the
nucleus (discussed in Nuclear matrix), and they themselves are phosphoproteins
(Halikowski & Liew, 1988). The receptor phosphorylation may be a necessary
precondition for the binding of steroid (Migliaccio et al, 1984).
2.2.2 Distribution and characteristics of nonhistone phosphoproteins
The distribution of nonhistone phosphoproteins can be classified into definite
subnuclear structures such as nucleosomes, nucleoli, nuclear envelope-lamina, RNP
particles, low molecular weight chromatin. Moreover, some nonhistone
phosphoproteins are actually nucleus associated enzymes or nuclear associated
oncogene products (Halikowski & Liew, 1988; Olson, 1984). Their localization and
possible function are summarized in the Table 2.
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Table 2. Specific nuclear phosphoproteins identified in nuclear organization and/or
function (adopted from Halikowski Liew, 1988).
ReferencesCommentsSpecies
1. Nucleosome associated
Allfrey, 1982;HMG-14 and HMG-17 bind toHMG
Johns, 1982two specific sites on theproteins
core nucleosome (i.e., 10(HMG-14
bp DNA). May play a role inand
chromosome condensation andHMG-17)
or dispersal prior to
mitosis.
Ostvold et al,Mr=48-53kDa highly acidicP l (HMG-like)
1985pH=5.0. Highly phospho-
rylated in a variety of
proliferating mammalian
cells. May bind to satellite
DNA sequences.
B2 Liew & Chan,Mr=68 kDa; pI= 6.5-8.2.
Associated with mononucleo- 1976phosphoprotein
somes of actively transcribed




Defer et al,a associated with monomera (p41),
particles from hepatoma 1978b(p31)
cells while b is present in
larger dimer and trimer
particles (possibly linker
regions).
D-55 (55 kDa) associatedD-55 Safer &
Coleman, 1980with nucleosomes from calf
thymus. Phosphorylation
abolishes any increase in
transcription brought about





Conjugated protein formedA-24 Goldknopf et
by linkage of carboxyl al, 1979
terminus of ubiquitin to
H2A. Found to be phosphory-
lated in Novikoff-hepatoma
cells on serine residue of
H2A but role unknown.
2. Nucleolous associated
C18/C23 (Mr=l00kDa), B23C 18/C23, Olson et al,
(Mr= 40kDa) both are highly 1974B23
phosphorylated and may be
involved in the increased
synthesis and output of
ribosmes.
3. Nuclear envelope-lamina associated
Lamina protein associatedLamina A, Gerace &
Phosphorylation with theB, and Blobel, 1980
C Gerace et al,disassembly structure prior
to the onset of mitosis. 1984
4. RNP particle associated
40S. Blanchard etMr=30-4OkDa, phosphorylation
Particle may play role in association al, 1977





5. Low Mr chromatin associated protein
p11 (Ehrlich ascites tumor Olson, 1984P11 (I-
NHP), chromatin) and p29 (calf
thymus chromatin) bind top29
DNA inhibiting transcription
at the point of RNA chain
initiation.
p13 (mouse spleen chromatin) Olson, 1984p13
phosphorylation stimulated by
binding to DNA but not core
particles. Specific role
unknown.
6. Nucleus associated enzymes
DNA Nicking-closing enzymes Wang. 1985
topoiso- involved DNA relaxation and
merase I reassociation. In most cases
and II phosphorylation results in
stimulation of activity.
Phosphorylation may be Donaldson &DNA poly-
merase involved in the modulatior Gerner, 1987
of activity during different
stages of the cell cycle.
Associated with core Sentenac,RNA poly.
merase particles from transcribed 1985
II genes. Phosphorylation
believed to enhance activity
in vivo.
Poly(A) Phosphorylation enhances Rose et al,





7. Nuclear associated oncogene products
C-myc, All appear to be intimately Baserga et al,
c-fos, involved in cellular 1984
c-myb, transformation but their Eisenman &




Phosphoprotein B2 is a nuclear protein isolated from rat liver chromatin subunits
(nucleosomes) (Chan & Liew, 1977). The isolation procedure is summarized in Fig.
3. This highly phosphorylated protein was found as one major protein among four
separated by the two-dimensional gel electrophoresis of the phenol-extracted
chromatin subunit of nuclease digested chromatin. Because of its second high
molecular weight band, it was named B2. This phosphoprotein is not likely to be one
of subunit of RNA polymerase [e.g. molecular weights of rat liver RNA polymerase I
subunits are 205,000, 125,000, 51,000, 44,000, 26,000 and 16,000 (Goldberg Lt al,
1977)], nor one of the 40 S-ribosomal-subunit protein (Chan & Liew, 1977, 1979b
Zhao & Liew, 1982).
The molecular weight of the phosphoprotein B2 was found to be 68,000 Dalton
using -two-dimensional gel electrophoresis. Moreover, the pI values varied from
6.5-8.2 having five distinct subfractions that reflected different degree of
phosphorylation (Chan & Liew, 1977, 1979b)...
This protein is enriched in glutamic acid, aspartic acid, arginine, lysine, glycine
and alanine (see Table 3). The ratio of the sum of aspartic acid and glutamic acid to
the sum of lysine, histidine and arginine is 0.93 (Chan & Liew, 1979) and nearly half
of its amino acids contain charged side chains. It is a molecule with an unusual
polypeptide of nonhistone chromatin protein having the capability of both protein and
DNA binding (Halikowki & Liew, 1988).
Most of the phosphate is found covalently linked to serine residues with a
minor amount in threonine. The phosphate content of phosphoprotein in normal rat
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liver nuclei is 0.3% (Chan & Liew, 1979). However, there was a significant increase
in P32 incorporation (phosphorylation) by 1.6 times into this protein 16 hours after
partially hepatectonized rat liver nuclei (Liew et al, 1984a, b) when RNA and protein
synthesis occurred (Mayfield & Bonner, 1972). It seems that B2 is preferentially
associated with actively transcribed nucleosomes (Liew et al, 1988).
From the amount of phosphoprotein isolated, there is approximately one
molecule of B2 phosphoprotein per every two hundred nucleosomes (Liew, et al,
1988). This low content of B2 phosphoprotein further suggests it to have a more
regulatory role than a purely structural one. Moreover, the phosphoprotein was not
bound to the linker region but to the core of nucleosomes (Zhao & Liew, 1982).
Recently, three monoclonal antibodies subclasses (IgGI, IgG., and IgM) were
raised against this phosphoprotein. These antibodies were. tested specifically against
this protein and not cross-reacted with bovine serum albumin, histones or
CM-cellulose 'unbound' non-histone chromosomal protein (60% of total
phenol-soluble proteins) (Halikowski & Liew, 1985). With the use of these antibodies,
the phosphoprotein was demonstrated in the nuclear periphery (Liew, et al, 1988) and
the 'nuclear matrix (Halikowski & Liew, 1985).
Interestingly, two of the above anti-B2 IgG can selectively immunoprecipitate a
protein of 66-68 kD from a c-myc expressing cell line (e.g. Daudi). Moreover, the
phosphoprotein cross-reacted with a human c-mmvc polyclonal antibody
(anti-myc-12C) (Liew, et al, 1988).
A schematic model shown in Fig. 4, was proposed from the information known
as to how this phosphoprotein may play an important role in nuclear organization by
anchorage of actively transcribed nucleosomes in the nuclear matrix. After
phosphorylation, this nuclear protein dissociated from the nuclear matrix (accompany
with the nucleosomes), allowing trancription more efficiently (Liew, et al, 1988).
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Fig. 3. A simplify procedure of extraction of phosphoprotein B2
from the isolated nuclei.
Liver nuclei isolated
Phenol buffer extraction
(Shelton & Allfrey, 1970)
Wash with 140mM NaC1/O.lmM PMSF
Extract acid-soluble histone protein
by 0.25M HCl/O.lmM PMSF
CM23-cellulose column chromatography
pH 9.2 (Chan & Liew, 1979)
BOUNDUNBOUND





(Suria & Liew, 1974;
Chan & Liew, 1979),
29
Fig. 4 A schematic representation of the phosphoprotein B2










The liver is essential for life and functions both as a ducted (exocrine) gland,
secreting bile into the intestine lumen, and a ductless (endocrine) gland, producing
many blood proteins and lipids. In addiction, the organ monitors and controls, by
storage or interconversion, the plasma concentrations of a multitudes of small
molecules involved in metabolism detoxifies certain hormones and drugs and filters
materials of various- origins and dimensions from the blood stream (Becker, 1974).
Normal mature liver demonstrates basal mitotic rates ranging from 1 in 10,000
to 1 in 100,000 hepatocytes. However, the cells have extraordinary power and can be
stimulated to divide by the loss of cells due to infection, chemical alteration or
surgical removal (Becker, 1974).
Among several animals studied, the rat shows a relatively "synchronous"
response, in that as many as 75% of the residual hepatocytes enter DNA synthesis
between the twelfth and twenty-fourth hours after partial hepatectomy removing
two-thirds of parenchymal cells (Becker, 1974..Bucher, 1967).
2.4.1 Anatomy
The liver of the rat is a firm, dark red organ and lies in the right upper
quadrant of the abdominal cavity, beneath and attached to the diaphragm. It has a
dual blood supply, portal vein and hepatic artery, which enter though a definite hilus,
the porta hepatis.
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The liver can be divided into four major lobes: the median or cystic lobe which
bears a deep fissure, the right lateral lobe which is partially divided into cranial and
caudal lobes, a large left lobe, and a small caudate lobe fitting around the
oesophagus. The rat has no gall-baldder (Baker, et al, 1979).
2.4.2 Normal Histology
The liver is covered by a single layer of flattened peritoneal mesothelial cell
and a thin connective capsule (Glissons' capsule). It is composed of masses of
epithelial parenchymal cells (hepatocytes) arranged in anastomosing and branching
plates- which form a three-dimensional lattice. Between plates are sinusoidal spaces.
Bile canaliculi are the spaces found between adjacent liver cells.
The whole structure is divided into lobules histologicaly and functionally. There
are three schemata: classic lobules, portal lobules, and liver acinus. The classic lobule
is a polyhedral prism of hepatic tissue with the central vein in the center and the
boundaries demarcated by portal canals or portal triads. The portal lobule is a roughly
triangular or wedge-shaped prism with the periphery limited by three different central
veins. However, the liver acinus describes the. smallest functional unit consisting of a
small, irregular mass of unencapsulated parenchymal tissue lying between two central
veins (Weiss, 1983).
The parenchymal cells (hepatocytes) are composed of large polyhedral cells
with large, round and centrally located nuclei. The nuclei contain one or more
nucleoli and scattered clumps of chromatin. Polypoid nuclei and binucleate are easily
found. The cytoplasm of the hepatocytes is usually granular and large clumps of
basophilic ribonucleoprotein, lysosome and abundant mitochondria can be found. Both
the smooth and rough endoplasmic reticulum are well developed.
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2.4.3 Regenerating liver after partial hepatectomy
Anatomically, the median lobe, together with the left lateral lobe, form somewhat
of a unit with a very constant relation to the weight of the whole organ, 68%± 2%
(Higgins Anderson, 1931 Bucher, 1967). After removal of the above two lobes by
partial hepatectomy, the liver is capable of replacing two thirds of its volume within a
few days by a diffuse hypertrophy and hyperplasia of the remaining parenchymal cells
(Stowell, 1948). This reproducible process affords a fine opportunity for examining the
growth regulation and gene control between the extremes of nongrowth and active
proliferation (Babes et al, 1976 Bucher, 1967).
2.4.3.1 Hepatocytes
2.4.3.1.1 Histological changes
The changes of histological structures of the hepatocytes after partial hepatectomy
were described by many investigators (Murray, 1981 Bucher, 1967 Fabrikant, 1968
Stowell, 1948 Weinberg,1959).
After 12 hours, the volume of cytoplasm, nucleus, and nucleolus are increased
whereas the vascular and the extracellular spaces were reduced relatively. Mitosis are
observed between 24-30 hours after partial hepatectomy starting with those hepatocytes in
the periportal area and later in other parts of the lobule (Harkness, 1952 Weinbem,
1959 Rabes et al, 1976). The binucleated cell have a higher rate of division and the
number of binucleated cells decreases after regeneration. The daughter cells resulting
from the mitoses of the binucleated cells are found to be increased in ploidy (Bucher,
1967 Fabrikant, 1968 Harkness, 1957).
Within the first 24 hours, there are characteristic changes of glycogen, fat,
lysosomes, protein droplets, mitochondria and endoplasmic reticulum. Glycogen stored is
rapidly depleted after partial hepatectomy to very low level and thereafter reappearing
gradually. Neutral fat accumulates extensively in the cytoplasm in the form of lipid
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droplets due to metabolism overload (Bucher, 1967). The number of mitochondria,
lysosomes and protein droplets per cell are also increased during regeneration (Murray,
1981). The stacked arrays of endoplasmic reticulum initially become irregular, most of
the membrane disappear and multitude of aggregates, or rosettes of ribosomes lie free
in the cytoplasm, then reform later through synthesis of new membrane by remaining the
granular reticulum (Murray, 1981).
2.4.3.1.2 Biochemical changes
After partial hepatectomy, proliferative synthetic activites appears to be greatly
stimulated whereas the
activities associated with differentiated function, such as bile pigment or albumin
production of appear to be depressed (Weinbren, 1959). Within the nucleus, however, a
large number of previously repressed genes havebeen activated. Presumably, these genes
are those needed to prepare the cells for DNA synthesis and subsequent cell division
(Mayfield, 1972).
During gene activation, chromosomal RNA (Mayfield, 1972) and cytoplasmic RNA
(Weinbern, 1959) increased rapidly. Moreover, the processing of ribosomal-RNA, the
formation. of ribosomes and their transfer to the cytoplasm were found to be faster in
regenerating liver cells (Dudov Dabeva, 1983).
Apart from new protein synthesis necessary for either. DNA synthesis or cell
division, there are also modifications of the existing protein. Recently, a nonhistone
chromosomal protein B2 (Liew, 1984) and H1 histone subtypes (Ohba et al, 1984) were
demonstrated to increase in phosphorylation after partial hepatectomy.
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2.4.3.1.3 Duration of cell cycle period
Actually the process of hepatocellular proliferation is not synchronous at all
(Harkness, 1952; Grisham, 1962; Rabes et al, 1976). The process of DNA initiation
might depend on intracellular or microenvironment conditions in various parts of liver
lobule. From the duration of G1 before entering S, the hepatocytes can be divided into
five populations. The first three populations have G1 of 20, 27, 40 hours respectively.
The other two populations either remain in GO or pass into DNA synthesis after 21
hours except those cells included above (Rabes et al, 1976).
2.4.3.2 Non-parenchymal cells
The non-parenchymal cells comprised 35-40% of the total hepatic population but
only an inconspicuous 5-10% of cellular volume. These cells also respond to the stimulus
of regeneration after partial hepatectomy as the hepatocytes do (Widmann & Fahimi,
1975). The onset of DNA synthesis in littoral cells was delayed 24 hours following the
onset of parenchymal cell proliferation (Weinbren, 1959). However, the response of the
connective tissues cells, mesothelial cells, vascular endothelium, etc., lagged behind the
parenchymal and littoral cell population both in time and extent of proliferation
(Fabrikant, 1968).
Although the mechanism of liver regeneration after partial hepatectomy remains
obscure, it is generally believed that it is controlled by some blood-born factors which
are proteins synthesized from the remnant liver (Ichibashi, 1984; Weinbem, 1959).
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2.5 Spermatogenesis
Spermatogenesis is a complicated sequence of events occurring in the
seminiferous tubules of the testis for the production of spermatozoa or sperm. It
comprises three phases, spermatocytogenesis, meiosis and spermiogenesis (Junqueira
Carneiro, 1980).
2.5.1 Histology of seminiferous tubule
The seminiferous tubules, lined with a complex stratified epithelium consisting
of two types of cells: sertoli or supporting cells, and cells that constitute
thespermatogenic or seminal lineage.
The primitive germ cells, spermatogonia, with 2N amount of DNA are located
in the basal compartment and multiply mitotically providing the stem cell population.
Type A1-4 spermatogonia have ovoid nuclei with either dark or pale nucleoplasm in
which chromatin granules are finely dispersed and are the continuous source of
spermatogonia. Type B spermatogonia are distinguished by the more spherical nuclei
which contain accumulations of heterochromatin attached to the nuclear membrane
and a centrally located nucleolus (Weiss, 1983). In rodents, there is an
intermediate-type spermatogonia which has an amount of heterochromatin that is
between the type A and B spermatogonia (Clermont, 1972).
The type B spermatogonia undergo mitosis producing the primary
spermatocytes, which soon enter the prophase of the first meiotic division with
enlargement of their nuclei and the cytoplasm (Weiss, 1983). The prophase can be
subdivided into five stages: leptotene, zygotene, pachytene, diplotene, and diakinesis,
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which takes a long time (about 22 days in human and about 10 days in rat). Thus, it
is easy to find the primary spermatocytes in the different stages of chromosome
coiling (Leblond & Clermont, 1952).
After the two division of meiosis, spermatids enter the spermiogenesis
immediately with nuclear condensation and changes in shape. According to the
morphology of acrosomic system, Leblond Clermont (1952) identified nineteen
(1-19) steps of spermatid differentiation in the rat spermiogensis. The spermiogenesis
can be divided into Golgi phases (steps 1-3), where transformation first occurs in the
Golgi zone with the. formation of proacrosomic granules cap phases (steps 4-7),
where changes of the spermatid's nuclear orientation towards basement membrane and
formation of head cap occur acrosome phases (steps 8-12), where the development of
acrosome is observed and maturation phases (steps 13-19), where discrete changes
occur in components of spermatid's head until formation of free spermatozoa. Since
the various generation of the spermatogonia, spermatocytes and spermatids form a
cellular association within the seminiferous epithelium in a fixed sequence, Leblond
Clermont (1952) have also divided it into fourteen (I-XIV) stages in a cycle of rat
seminiferous epithelium (for detail, see Table. 4). A cycle, is defined as the time
required for development of a cell to a next more advanced type in the same
association, lasts 12.9 days in the Sprague-Dawley rat (Clermont Harvey, 1965).
2.5.2 Transcriptional activity during spermatogenesis
There are a few biochemical studies on RNA synthesis during meiosis and
spermatogenesis. Muramatsu (1968) found that a large proportion of the RNA
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synthesized in whole-testis preparations had a higher molecular weight and a rapid
turnover. From the studies of specific cell types, both ribosomal and poly(A)+ RNA
synthesis was found in pachytene spermatocytes and round spermatids (Geremia,
1978).
The distribution of the RNA, histochemically with pyronin staining (Daoust &
Clermont, 1955), and by autoradiography (Monesi, 1964, 1971; Soderstrom &
Parvinen, 1976a) showed a high rate of RNA synthesis intype A spermatogonia. It
decreased in intermediate and type B spermatogonia and synthesis was found in
leptotene, zygotene, and early pachytene primary spermatocytes. In mid-pachytene, the
RNA synthesis rapidly increased but decreased again toward late pachytene and
diakinesis. Cells at meiotic phase were not labelled. The secondary spermatocytes and
early spermatids (steps 1-7) were labelled but after condensation of the chromatin, no
labeling or no synthesis could be observed (Grimes, 1986).
Therefore, it is suggested that genes responsible for the morphogenesis and
structure components of the spermatozoon are at least partly expressed during the
haploid phase. It is likely that many mRNAs coding the proteins of the spermatozoon
are synthesized before meiotic divisions in the spermatocytes and stored in long-lived
form for transition during late spermiogenesis where the genome is inactive (Parvinen
et al, 1986).
An interesting lobullated cytoplasmic structure, named chromatoid body, unique
for spermatogenic cells was suggested as being the storing organelle for the
long-lived mRNA (Sud, 1961). Its origin was still unclear but there were observations
suggesting it to be derived from nucleus or nucleolus (Comings & Okada, 1972) and
from cytoplasmic origin (Sud, 1961 Fawcett et al, 1970). According to the
autoradiography (Soderstrom & Parvinen, 1976a Soderstrom, 1981), there was
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incorporation of RNA into this organelle after nuclear labelling both in spermatocytes
and in spermatids. Moreover, there were observations showing material continuities
through nuclear pores between chromatoid body and intranuclear material (Soderstrom
Parvinen, 1976b Parvinen Parvinen, 1979).
2.5.3 Nuclear protein changes during spermatogenesis
During spermiogenesis, spermatids become increasingly resistant to chemical
and physical disruption by sonication, trypsin-DNase, and sodium dodecyl sulfate
(SDS) in the stage 12, stage 15, and epididymal sperm, respectively, when the sperm
head changes, in the nucleoprotein composition and the extent of the disulphide
bonding formation during spermatogenesis. In the rat, the transition of nucleoproteins
involves histones variants, transition protein (TP) and protamines (Meistrich et al,
1978). Some of the proteins were isolated and their amino acids composition were
obtained (Table 5) (Platz et al, 1975; Grimes et al, 1977; Bucci et al, 1984).
2.5.3.1 Histones
Histones are relatively small, highly conserved and abundant basic proteins
associated with DNA in the somatic cell nucleus. There. are mainly five types of
histones namely ,H1,. H2A H2B, H3 and H4. However, in- germ cells of. different
organisms, these somatic histones are replaced by the germinal histone variants. In the
rat, H1 has six variants (Hla,b, c, d, e and t) (Bucci et al, 1982); H2A, H2B and H3
each have variants designated TH2A, TH2B and TH3 respectively (Grimes, 1986).
The synthesis of these histone variants does not couple with DNA synthesis and
hence is not related to replication (Wu & Bonner, 1981; Chiu & Irvin, 1985; Stein &
Stein, 1985). It has been suggested that the germinal histone variants genes are
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different from somatic histone genes and differentially expressed during
spermatogenesis (Bucci et al, 1982).
2.5.3.2 Non-histone
The quantitative level of nonhistones is high in early cell types such as
spermatogonia and spermatocytes, relatively lower in early spermatids, and very low
in late spermatids and epididymal spermatozoa (Platz et al, 1975). In the rat, a major
non-histone group is designated as the High Mobility Group (HMG) nonhistones
(Elinck Bustin, 1985). There were four types of HMG, namely HMG 1, -2, -14
and -17, found synthesized in spermatogonia and primary spermatocytes but not in
spermatids. These HMG proteins were absent from late spermatids, presumbly
replaced by late basic nuclear proteins (Bucci et al, 1984).
Another group closely associated with newly synthesized RNA are known as
ribo-nucleoprotein. Typically, these nonhistones have much higher turnover rates than
histones (Grimes, 1986).
2.5.3.3 Transition basic proteins
Histones variants and nonhistones are present in step 1-8 spermatids, but not
after step 12. They are replaced during steps 9-12 of the. mid-spermatid., stage by
spermatidal basic proteins designated TP (Bucci et al, 1984 Platz et al, 1975 Grimes
et al, 1977 Parvinen et al, 1986). In the rat, there are five types of TP, namely TP,
TP2, TP3, TP4, and S1, which are basic, low molecular weight proteins (600-20,000)
containing appreciable quantities of cysteine (Poccia et Al, 1986). TP, TP2, TP4 are
found at stages 13-15 and become replaced during steps 16-19 by basic TP3 and by
S1 (Grimes et al, 1977 Meistrich et al, 1978). These transition proteins are present
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for only about two or three days before their replacement by protamines (Grimes,
1986).
2.5.3.4 Protamines
Protamines are the major basic nuclear proteins found in late spermatids (steps
16-19) and mature sperm. These relatively small (27-65 amino acid long), highly
basic proteins are rich in arginine (40-70%) and in mammals frequently contain
cysteine (18%) (Coelingh et al, 1972 Kistler et al, 1976). During condensation of
protamine-DNA complex, they are further stabilized by disulfide bonds (Calvin and
Bedford, 1971).
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Table 4. Criteria for identification of different stages of the cycle of rat
seminiferous epithelium (adopted from Parvinen et al, 1986)
AverageDuratior
Stage Criteria (days) length (mm)
2.6I Newly formed spermatids 1.7
develop idiosome step 15 (0.1-7.2)
spermatids in loose bundles
II 1.20.8Appearence of proacrosomic
granules in young spermatids (0.2-4.5)
movement of late spermatid
bundles toward periphery
0.6III Formation of a single 0.4
(0.1-5.0)acrosomic granule
0.90.5Flattening of the acrosomicIV
granules against nucleus (0.1-3.9)
maximal penetration of step
17 spermatid bundles into
Sertoli cells
V 1.41.3head cap formation in young
spermatids (0.2-5.7)
VI 1.5Head cap covers one-quarter tc 1.0
one-third of nuclear circum- (0.1-6.2)
ference Step 18 spermatids
lose their bundle arrange-
ment and move centripetally
VII Maximal size of the head cap 3.22.3
step 19 speramtids at the top (0.3-9.1)
of the epithelium
VIII Polarization of nuclei and 1.41.2
peripheral orientation of (0.2-6.2)
acrosomes of step 8 and





Stage Criteria (days) length (mm)






1.51.3XII Straight, narrow, and
darkening spermatid nuclei (0.1-6.8)
with. onset of bundle
arrangement
0.80.8XIII Curved apex of the spermatids
definite bundle arrangement (0.1-6.1)
0.80.7XIV dividing primary and secondary
spermatocytes (0.1-3.3)
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Table. 5. Comparison of amino acid composition of different nucleoproteins (mol
%) in rat spermatids.
TP2 HMG1 HMG2 HMG 1 HMG1TP* TP3 SlAmino acids
1.8 18.0Lysine 15.6 9.9 19.4 21.6 22.2 5.6
1.2 0.08.3 2.0 2.1 0.4Histidine 4.2
4.1 4.1 56.83.3 4.0Arginine 25.3 14.2 24.1
8.6 13.74.3 5.0 11.0 10.4 1.2Aspartic acid 6.1
3.6 1.12.5 4.0 3.6 1.6Theronine 3.0 6.6
8.9 8.9 2.5 8.46.7Serine 12.6 14.4 10.2
0.7Glutamic acid •1.0 4.8 10.8 17.3 16.9 13.4 10.0
6.9 11.8 trace6.93.3 8.4Proline 1.9 12.0
9.3 10.9 0.56.9 7.2Glycine 8.9 5.8 21.0
7.4 7.1 14.3 18.8 1.8Alanine 3.7 4.7 4.0
0.0 13.2Cysteine 3.2 4.4 3.4 trace trace 0.0
3.0 2.9 3.0 2.2 trace3.7Valine 2.81.6
0.3 trace trace0.9 1.3 1.32.7 3.1Methionine
0.0 trace2.0 2.3 1.9 1.50.6 0.3Isoleucine
0.52.9 2.7 1.32.3 3.5 2.6Leucine 4.7
6.52.2 2.1 trace traceTyrosine 4.0 1.8 2.4
0.2 0.8 3.1 3.0 0.6 trace 2.0Phenylalanine 0.5
data adopted from Platz et el, 1975
data adopted from Grimes et al, 1977
data adopted from Bucci et al, 1984
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2.6 Immunocytochemistry at light and electron microscopic level
After the demonstration that antibodies can attached to dye molecules without
interference with the high specificity of antigen-antibody reactions, it allows the
visualization and localization of antigen in cells and tissues at both light and electron
microscopic level. A variety of markers and procedures have been introduced (Perase,
1980 Bendayan, 1984a, b).
2.6.1 Antibodies
Antibodies (immunoglobulins, Ig) are a group of glycoproteins produced by the
plasma cells mostly found in the germinal centres. of lymph nodes, follicles of spleen
and some other sites in response to an. antigen stimulus, and react specifically with
the antigenic determinant (or epitopes) of the antigen (Roitt, et al, 1985). The
immunoglobulins are made up of two kinds of protein chains-heavy and light chain.
They can be subdivided into different classes, namely IgA, IgD, IgE, IgG and IgM
by the different heavy chain. Among the five types, the extra binding power of IgM
and the high serum content of IgG has made these two antibodies most widely
utilised in immunohistochemical staining (Pearse, 1980).
2.6.2 Markers commonly used in Immunocytochemistry
2.6.2.1 Fluorochromes
Flurochromes are the most simple, reliable and high resolution markers in the
light microscopy (De Mey, 1983). Different flurochromes produce different colour
under a fluoroscence microscope (reviewed by Coons, 1978). Among them,
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fluorescein isothio-cyanate (FITC) (green) and rhodamine (TRITC) (RED) are most
widely used. With the help of p-phenylenediamine to prevent fading and introduction
of the some other fluorochromes, e.g. Diethylaminocoumarin (DAMC) (blue), double
or triple labelling within a single section is allowed (Staines, 1988). However, these
labelled makers cannot be stored in the sections permanently and different
flurochromes also may not be observed simultaneously (De Mey, 1983).
2.6.2.2 Enzymes
The most common enzymes used are horseradish peroxidase (Nakane Pierce,
1966), but other enzymes, notably microperoxidase (Kraehenbuhl, et al, 1974),
alkaline phosphatase and glucose oxidase (Suffin, et al, 1979 Clark, et Al, 1982) have
also been adopted. They can give a diffused, strong coloured reaction products in the
antigenic sites. Four different chromogens, 3,3'-diaminobenzidine tetrahydrochloride
(DAB) produces brown colour that is insoluble in alcohol 3-amino-9-ethylcarbazole
(AEC) forms a red end product that is alcohol soluble 4-chloro-l-napthol precipitates
as a blue end products that is alcohol soluble p-phenylenediamine
dihydrochloride/pyrocatechol (Hanker-Yates reagent) produced a blue-black reaction
product that is insoluble in alcohol and can be osmicated (Bourne, 1983). Therefore,
double labelling can be demonstrated on the section simultaneously (Nakane, 1968
Vandesande et al, 1977 Tramu et al, 1978). Moreover, some products of the
peroxidase reaction are osmophilic rendering a slight electron opacity that sometimes
can also used for electron microscopy studies (De Mey, 1983).
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2.6.2.3 Metalloprotein and polysaccharide-metal complexes
2.6.2.3.1 Ferritin
Ferritin is a nearly spherical, iron-containing protein of 10.5-12nm diameter. Its
molecular weight, depending upon the source of reference, is given as 46,000
(Fetanue, 1978), 65,000 (Sternberger, 1979) and 750,000 (Polak Varndell, 1984).
Each molecule contains 2000-3000 iron atoms, which account for its high electron
density (Fetanue, 1978). However, the penetration of the ferritin-Ab conjugate into the
solid tissue is unsatisfactory due to nonspecific aggregation or of the effect of excess
conjugant on the Ab molecule (Sternberger, 1979).
2.6.2.3.2 Iron-dextran (Imposil) and iron-mannan particles
This polysaccharide-iron complexes have been used to mark lectin binding sites
on cell surfaces (Varndell and Polak, 1987). Moreover, immunoglobulins may also
conjugate to the iron-dextran to form a needle-like shape (typically 3xl2nm) that
distinguish it from the ferritin in double-labelling (Dutton, et Al, 1979).
2.6.2.3.3 Colloidal gold marker
Colloidal gold is a orange to red, negatively charged hydrophobic sol, formed
by electron-densed metallic particles with density higher than that of ferritin
molecules, and is capable of strong emission of secondary electrons. Since the
colloidal gold is particulate, it allows an accurate identification of labelled structure
and quantitative evaluation of the intensity of the labelling (Goodman, et al, 1980
Bendayan, et al, 1984). Moreover, gold particles can be labelled with a variety of
macromolecules (e.g., lectins, glycoproteins, proteins such as protein A,
immunoglobulins), under appropriate conditions of pH and concentration, which
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subsequently keep their bioactives (Geoghegan Ackerman, 1977 Goodman et al,
1980 Horisberger, 1981). Furthermore, since the size of the mono.disperse gold
particle* can be varied from 1-150 nm according to the technique used for their
preparations, it allows better penetration into the solid tissue, multiple marking on the
same tissue section, and can be used for light, transmission and scanning electron
microscopy (Horisberger, 1981 Leunissen et al, 1989). With the development of the
silver enhancement for the labelled gold particles, the sensitivity has been shown
increase up to 200 times over immunoperoxidase methods and can be visualized at
the light microscope level (Holtgate, et al, 1983 Jackson et al, 1988).
2.6.3 Tissue processing
The fixation and embedding procedures are known to alter the biochemical
properties of molecules, restricting subsequently the possibility of their localization
(Kraehenbuhl et al, 1977 Bendayan, 1984). The aim of immunocytochemistry is to
reveal specific antigenic sites over easily identifiable structures. However, specific
labelling and good ultrastructure are not compatible and compromise is needed
(Bendayan, 1984). Different antigens react differently to chemical fixation, therefore
appropriate fixation conditions have to be determined for each particular antigens. The
most practical, and probably the best all-around fixative for light microscopy is 10%
buffered formalin. Because of its. cross-linking characteristic, it is an especially good
fixative for small antigens, such as hormones. Proteolytic enzymes, such as trypsin,
are used to digest the excess aldehyde linkages and expose the antigens. Other
fixatives like Zenker's fixative which does not produce aldehyde linkage, B-5 (formol
sublimate), and Bouin's fixative which produces good morphology are gaining
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popularity. The normal dehydration and embedding in pure paraffin does not affect
the antigenicity except with temperatures above 62°C (Bourne, 1983).
For electron microscopic studies fixation with a low concentration of
glutaldehye or 4% paraformaldehyde or a mixture of of the two fixatives are
commonly used. Other fixatives, e.g., a modification of paraformalydehyde with
addition of picric acid (Stefanin et al, 1967) or periodic acid and lysine (PLP)
(McLean Nakane, 1974) for different antigens. Postfixation with 1% osmium
tetroxide has been found appropriate in certain cases but usually omitted however,
treatment of the thin sections with a strong oxidizing agent such as sodium
metaperiodate prior to the cytochemical labelling is necessary (Bendayan Puvion,
1983 Bendayan, 1984a, b). Embedding may be performed in various media
(Bendayan, 1984a, b), such as epoxy resins (Epon, Araldite, and Spurr), glycol
methacrylate, or Lowicryl K4M, or L.R. White (Bendayan, 1984).
2.6.4 Cytochemical Controls
In order to assure the accuracy of the results in any staining technique, whether
peroxidase. or colloidal gold, various types of controls are used. Some of the
important ones are indicated here where the marker complex may be antibody
conjugated with peroxidase or colloidal gold, or protein A or enzyme conjugated with
colloidal gold (Bendayan, 1984). The tissue sections are (1) directly incubated with
the marker complex, omitting the antibody step for the identification of nonspecific
adsorption of the marker complex to the sections (2) incubated with antibody
previously absorbed with excess of its antigen followed by the marker complex to
test the specificity of the antigen-marker complex interaction (3) incubated with
antibody, followed by an incubation with nonlabelled secondary antibody or protein
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A, -and then with the labelled antibody or marker to verify the specificity of the
primary with the secondary antibody or marker complex (4) incubated with
nonimmune serum in place of the specific antiserum followed by the marker complex





3.1 Three Cancer Cell Lines
3.1.1 EC/CUHK 1 cell line
This cell line was established in our laboratory from a surgical specimen from
a Chinese patient with a moderately to well differentiated squamous cell carcinoma of
the esophagus. The cells of EC/CUHK 1 were polygonal in shape with one or more
nucleoli. They have a doubling time of 12 hours and the plating. efficiency was 20%.
The EC/CUHK 1 cell line was hypertetraploid, with the chromosome number varing
from 67-109 and the modal number 85 (Mok et al, .1987).
3.1.2 EC/CUHK 2 cell line
EC/CUHK 2 was another cell line from another Chinese patient, and was a
moderately to poorly differentiated squamous cell carcinoma of the esophagus. Under
the light microscope, the cells were also polygonal in shape but smaller than
EC/CUHK 1, and mostly had one to two prominant nucleoli. Some of the cells
demonstrated evidence of synthesis of keratin. Under the transmission electron
microscope, there were also numerous mitochondria and abundant rough endoplasmic
reticulum (Chew et al, 1989).
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3.1.3 Reuber Hepatoma cell line
This hepatoma cell line originated from a A X C rat bile-secreting tumor
induced by the N-2-fluorenyl-diacetamide. The tumor had a trabecular pattern with
double cords of cells and many well-developed canalicular structures between adjacent
tumor cells. In addition, the tumor cells resembled hepatic parenchymal cells with
abundant eosinophilic cytoplasm, central vesicular nuclei, prominent nucleoli, and
marginal chromatin lining the nuclear membrane. Reticulum was confined to
perivascular areas and was negligible among the tumors cells. Furthermore, the tumor
cells appear to be secreting small granules of olive-green pigment into the canaliculi.
The tumor was labelled Reubar hepatoma H-35 (Reuber, 1961).
Later the explant of H-35 was successfully developed in the modified Eagle's
medium containing 20% horse- serum and 5% beef embryo serum. The line was
termed H4-II-E and consistently gave typical Reuber H-35-type tumors on inoculation
in vivo. The appearance is that of rather typical epithelial colonies. The generating
time is about 3.2 days and the chromosome number has a modal number of 46, while
the original H-35 hepatoma has a modal number of 42-43 (Pitot et al, 1964).
3.1.4 Culture and maintenance of the cell lines
The EC/CUHK 1 and EC/CUHK 2 cells were cultured in Dulbecco's modified
eagle medium (DMEM) supplemented with 10% fetal calf serum (FCS), 100 IU/ml
penicillin and 100 tg/ml streptomycin (Gibco) in the 25 cm2 tissue culture flask
(Falcon) whereas the hepatoma cells were cultured in the Eagle's minimum essential
medium (MEM) supplemented with L-glutamine (292 mg/1), glucose (2 g/1), 5% FCS,
100 N/ml penicillin and 100 fg/ml streptomycin (Gibco). The cultures were incubated
at 370C in an atmosphere of 5% carbon dioxide in air. The medium was changed as
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the color of the phenol red turned yellow when the pH is at or below 6.5.
When the cultures became confluent, subculture was done by first washing with
5 ml balance salt solution (BSS) with EDTA (Gibco) and then treated with 5 ml
0.05% type III trypsin (Sigma) at 37°C until the cells detached from the tissue
culture flask. The action of trypsin was stopped by mixing with an equal volume of
the medium. Cells were collected after centrifugation at 1,200 rpm in Centaur 2
(MSE) for 5 min and transferred into a new 25 cm2 tissue culture flask (Falcon) with
fresh medium. Cells were frozen down in Medium 199 with 10% FCS (Gibco) and
10% dimethyl sulphoxide, DMSO (BDH) in ampoules and stored in liquid nitrogen
tank for future use.
3.2 study of the phosphoprotein B. in the cells grown on cover slips
In order to study the changes of the phosphoprotein B2 during mitosis of the
different cell lines at the light microscopic (LM) level, the cells were first cultured on
cover slips and then fixed for staining with the peroxidase-anti-peroxidase (PAP)
method.
3.2.1 Preparation of the cells grown on cover slips
When the cells of EC/CUHK 1 at passage 96 and EC/CUHK 2 at passage 93
were confluent, they were subcultured as described in Section 3.1.4, instead of
transferring into a new flask, one or two drops of cell suspension were seeded on
plastic tissue culture cover slips (Thermano') in a 60x15 mm petri dish (Falcon).
After the cells had attached to the cover 'slip and formed a small colony, the cells
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O.1M phosphate buffered saline (PBS), pH 7.4, for 15 min.
3.2.2 PAP staining
The procedures recommended in the staining kit of a Rabbit-Anti-Mouse
(RAM) PAP KIT (DAKO PAP KIT System 40 (550) were followed. The cells on
the cover slips were first treated with 3% H202 in distilled water for 30 min in order
to reduce the endogenous peroxidase activities. After washing 10 min with distilled
water and 0.1% PBS, pH 7.4, normal rabbit serum was added to block the
nonspecific binding. The primary antibody, IgM, with dilution of 1/250, was added
after draining off excess normal rabbit serum and incubated for one hour. Then the
cover slips were washed several time with 0.1% PBS, pH 7.4, to remove the unbound
antibody. Afterward the cover slips were further incubated with rabbit anti mouse
secondary antibody for 30 min and mouse PAP for another 30 min with washing
between each steps. The control group was processed as the test one except that the
buffer was added instead of the primary antibody. The location of the antigens bound
with the mouse PAP were identified by incubating the cover slip with 0.05% (w/v)
3,3 diaminobenzidine tetrahydrochloride (DAB, Sigma) and 0.01% (v/v) H2O2 in 0.1%
PBS, pH 7.4. When the reaction was sufficiently developed, the cover slips were
washed with tapwater and then dehydrated through an 'ascending series of. ethanol,
cleared in xylene, and mounted with Permount (Fisher).
3.3 Study of the location of B2 in cancer cells with transmission electron
microscopic microscope (TEM)
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Since the staining of PAP and other markers in the LM level cannot give much
detail information about the location of the antigens, a high electron-dense marker,
colloidal gold, was utilized at the electron microscopic level.
3.3.1 Preparation of the cancer cells for TEM study
Cancer cells from the three different cell lines were cultured in the condition as
described in section 3.1.4. When the cells were about 70% confluent with high
mitotic figures, they were separated form the culture flasks with 5 ml 0.05% type III
trypsin (Sigma) at 37°C similar to the procedure of subculture. After collecting the
cells by centrifugation, the cell pellets were fixed in 2% paraformaldehyde and 1%
glutaldehyde (a modification of Karnovsky fixative) (Karnovsky, 1965) in 0.1% PBS7
pH 7.4 for 4 hours. 30 min after the addition of the fixative, the cell pellets were cut
into 1 mm3 fragments and then further fixed for 3.5 hours. They were then washed in
the same buffer. Some of the fragments of. EC/CUHK 1 and EC/CUHK 2 were
postfixed with 1% osmium tetroxide in O.1M PBS for another hour. Specimens were
dehydrated through an ascending series of ethanol, infiltrated with 1:1 mixtures of
absolute ethanol and Spurr resin for 1 hour at room temperature and then with pure
Spurr resin overnight. The embedded specimens were placed in an oven at 70°C for
at least 12 hours to allow polymerization of the embedding. medium. Thick and thin
sections were cut by a Reichert-Jung Ultracut. Thick sections (0.5 µm) were stained
with toludine blue for histological examination. Ultrathin sections (60-150 nm) were
flattened by the vapour of xylene on the water surface and then dredged up by
dropping a 200-mesh nickel grid (EM Scope) on the water. The grids were dried and
used for immunostaining.
55
3.3.2 Immunostaining of the sections with IgM and IgG2a
The IgM and IgG2a were both mouse antibody specific to the phosphoprotein
B2. Therefore they were then used to localize the antigens of phosphoprotein B2 in
the ultrathin sections.
3.3.2.1 Localization of phosphoprotein B2 with IgM
For immunostaining, the procedures of the Product Information recommended
by Janssen for the Auroprobe EM reagents was followed. For all incubation and
washing, the grids were either floated on the top of drops of solution displayed on a
sheet of parafilm or on the meniscus of the solution dispensed in a 25-well plate with
sections down. During the staining procedure, the same diluting and washing buffer,
PBNT [0.1% PBS supplemented with 0.5% bovine serum albumen (BSA), 0.5M
NaCl, and 0.05% Tween 20], was filtered immediately before use with a
Millipore-adapted syringe. The grids were first washed with distilled water. If the
section of specimens were osmicated, the grids were etched by treating with a
solution of the saturated aqueous sodium metaperiodate (Sigma) for 30 min., followed
by a rinse in water and 10 min 0.1N HCl. Afterward, the grids were treated with
0.02M glycine (Sigma) in 0.1% PBS to quench the effect of glutaldehyde. Then the
grids were incubated with primary antibody, IgM, in a dilution of 1/250.. for 1.5
hours. After washing twice with the buffer, the grids were transferred to drops of the
10 nm colloidal gold-GAMIgM (Janssen) of dilution 1/25 for 30 min. The staining
was complete after washing with buffer and water. The grids were dried by wiping
off excess water with filter paper.
In- order to enhance the contrast of the section without affecting the
identification of the colloidal gold particles, the sections were stained with 2% uranyl
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acetate in methanol and lead citrate in distilled water for about 1 min each. The
sections were examined with a Joel 100 CXII electron microscope at 80 kV.
3.3.2.2 Localization of phosphoprotein B2 with IgG2a
The procedures used for the staining of the sections with IgG2a were similar to
that of staining with IgM. The IgG2a antibody of dilution 1/100 in PBNT buffer was
used instead of the IgM in the step of primary antibody. The 10 nm colloidal
gold-conjugated protein A (protein A-gold) was utilized to bind with the IgG2a to
locate the antigens.
3.3.2.3 Control staining
In order to test the nonspecific binding of the protein A-gold and antibody-gold,
the grids were stained using the same procedures as the above methods but instead of
the mouse IgM or IgG2a, buffer or culture medium was used for the same duration,
followed by incubated with the colloidal-gold conjugate markers.
3.4 Study of the distribution of phosphoprtoein B2 in the in situ nuclear
matrix of EC/CUHK 2 in TEM
From the biochemical studies, the phosphoprotein B2 was -found in the liver
nuclear matrix after- treatment with detergent, nuclease and hyperosmotic buffers
(Halikowski and Liew, 1987). The in* situ location of this protein in the nuclear
matrix was studied.
3.4.1 Preparation of the EC/CUHK 2 nuclear matrix
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EC/CIJHK 2 of passage 61 was used for the isolation of nuclear matrix. The
procedures followed the protocol from Chaly (1985). However, in order to simplify
the procedures, whole cells were treated instead of isolated nuclei. The cells were
separated from the culture flask by trypsin as in Section 3.1.4, and then rinsed twice
for 4 min at room temperature in STM buffer (0.25 M sucrose, 10 mM Tris, 2 mm
MgC12.6H2O, 25 mM KCI, and 1 mM PMSF, pH 7.4). Then the cells were treated
with 0.5% Triton X-100 in STM buffer for 30 min, and washed in STM buffer.
Afterward the cells were treated with prechilled DNase I (10 tg/ml in STM) buffer
on ice for 30 min. The cells were washed and resuspended in LMB buffer (0.2 mM
MgC12.6H20, 10 mM Tris, 1 mM PMSF, pH 7.4) for 15 min on ice. High salt buffer
I (2 M NaCI in LMB) was added dropwise to the cells suspension until the final
concentration was 1 M NaCl, and the suspension was stood on ice for 15 min.
Another high salt buffer II (4 M NaCl in LMB) was added to the suspension to the
final concentration of 2 M NaCI and stood on ice for further 15 min, and washed
with STM. Finally the cells were treated with DNase I (50 24 µg/ml in STM) for 20
min. After washing with STM, the cells were spun down and fixed in the Karnovsky
fixative, dehydrated, and processed for TEM study as Section 3.3.1.
3.4.2 Staining of the nuclear matrix with IgM
The thin sections of the EC/CUHK 2 were stained with the IgM antibody and
10 nm colloidal gold-GAMIgM as described in Section 3.3.2.1.
3.5 Study of the location of phosphoprotein B2 in the chromosomes with
the scanning electron microscope (SEM)
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Metaphase chromosomes were isolated and spread on the treated glass cover
slips, and reacted with IgM or IgG2a. The localization of the antigens in SEM was
identified by utilization of a larger size colloidal-gold markers (40 nm), or by silver
enhancement method.
3.5.1 Preparation of the coated glass cover slips
Cleaned cover slips were used to provide a supporting surfaces for the
attachment of the chromosomes since chromosomes did not adhere well on the
cleaned cover slips. Several chemicals were used to coat the cover slips.
(i) Poly-L-lysine is one of a common reagents used to coat slides to
hold sections for immunostaining. Therefore, the cleaned cover slips were
dipped into a solution of 1 mg/ml poly-L-lysine (Sigma) and left to dry
room temperature.
(ii) Aminoalkylsilane-treated glass slides were used by van
Prooijen-Knegt (1982) to spread the metaphase chromosome and tested
for the staining quality with different banding techniques. Therefore, this
was used for mounting the chromosome for SEM study. The glass cover
slips were cleaned by incubation overnight in 10% solution of Extran
MA01 (alkalisch, Merck) in distilled water, rinsed with hot (60°C) tap
water and distilled water, and dried at 80°C. The cover slips were then
incubated for about 16 hours in a 2% solution of
3-aminopropyl-triethoxysilane (Sigma) in dry acetone. Thereafter, the
cover slips were rinsed in acetone and two changes of distilled water and
air dried.
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(iii) The last method of treating the cover slips was coating them with a
thin layer of carbon. The cleaned glass cover slips were coated by the
evaporation of carbon in the Joel JEE-4X vacuum evaporator in 30 A and
10-7 Torr for 1.5 min. The coated cover slip then were ready to use.
3.5.2 Preparation of the metaphase chromosome of Hepatoma cells
Hepatoma cells of passage 20 were used to prepare the chromosomes for the
SEM studies. When the cells were in the log phase in the culture condition, the
metaphase cells were arrested by 0.2 ml Colcemid solution (80 µg/ml) to 5 ml of the
MEM culture solution for 2-3 hours. The cells were separated from the culture flask
with trypsin as the methods described in Section 3.1.4. The cells collected were
treated with 10 ml 0.075 M KCl (prewarmed, 37°C) at room temperature for 10
minutes, and recentrifuged again. Then, the cells were fixed in 10 ml 4°C precooled
fixative (methanol: acetic acid= 3: 1) for 10 min. A second fixative (methanol:
acetic acid: 1% glutaldehyde= 3: 1: 1) modified from the previous one was used
to compare the effect of fixatives on chromosomes structure and immunostaining.
After changing the fixative twice, the cells were resuspended in approximately 0.5 ml'
fixative. Then the cell suspension was dropped onto the coated cover slip prepared by
the above methods. The chromosomes were further fixed on the cover slips by the
vapour of Karnovsky fixative for about 30 min without drying, and then immersed in
the fixative for further 30 min. Thereafter the cover slips were washed and stored in
0.1% PBS.
3.5.3 Preparation of the histone-depleted metaphase chromosome of
Hepatoma cells
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3.5.3.1 Preparation of metaphase chromosome
The methods described by Wray and Stubblefield (1970) of the preparation of
the metaphase chromosome was used. Briefly the hepatoma cells were treated with
Colcemid as in Section 3.5.2 for 2 hours and the metaphase cells were detached from
the flask by shaking. The medium with the detached cells was collected and stored in
4°C. The Colcemid treatment was repeated several times and mixed with all the
previous harvested medium to obtain a higher concentration of cells. The cells were
then centrifuged, washed in 4°C isolation buffer [0.5 mM CaCl2, and 0.1 mM
piperazine-N,N'-bis (2-ethane sulfonic acid) monosodium monohydrate (PIPES,
Sigma)] and recentrifuged. The cells were gently resuspended in cold buffer and then
incubated in a 37°C water bath for 10 min followed by gently syringing through a
21-gauge needle. This broke the cell membranes and freed the chromosomes into the
buffer. The chromosomes were collected by centrifugation at 3,000 rpm in Centaur 2
(MSE).
3.5.3.2 Isolation of histone-depleted chromosomes
The chromosomes isolated from the above methods were then treated with 1 ml
of a solution containing 0.2 mg/ml sodium dextran sulfate 500 (Sigma), 0.02 mg/ml
heparin (Sigma), 10 mM EDTA, 10 mM Tris-HC1 (pH 9.0), 0.1% Nonidet P-40
(NP-40, Sigma) and 1 mM phenylmethylsulphonyl fluoride (PMSF, Sigma).
Immediately after mixing, this solution was carefully layered onto the top of a step
gradient using a plastic pipette. The step gradients consisted of three layers beneath
the dextran sulfate layer: 1 ml of 2.5% sucrose, 10 mM EDTA, 10 mM Tris-HC1 (pH
9.0), 0.1% NP-40 and 1 mM PMSF 3 ml of 5% sucrose in gradient buffer [10 mM
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EDTA, 10 mM Tris-HC1 (pH 9.0), 0.1 M NaCI], and 0.6 M Metrizamide (Sigma) in
gradient buffer.
Following incubation in the dextran sulfate solution for 30 min at 4°C,
chromosomes were sedimented to the Metrizamide cushion by centrifugation for 5
min at 1500 rpm and then 60 min at 5000 rpm at 4°C in the Hitichi 05 PR-22
centrifuge.
Subsequently, the histone-depleted chromosomes were layered onto the surface
of the carbon-coated cover slips, fixed in the Karnovsky fixative as described in
Section 3.5.2.
3.5.4 Immunostaining with IgM and IgG. for SEM study
The cover slips contained condensed chromosomes prepared from Section 3.5.2
were first washed with distilled water. Afterward, the cover slips were treated with
0.02 M glycine (Sigma) in 0.1% PBS to quench the effect of glutaldehyde. Then the
cover slips were incubated with primary antibody, IgM, of dilution 1/100 for 1.5
hours. After washing twice with buffer, the cover slips were treated with 30 nm
colloidal gold-GAMIgM (Janssen) of dilution 1/25 for 30 min. If the primary was
IgG2a (1/100), the cover slip were incubated with 40 nm colloidal gold-GAMIgG
(Janssen). Finally the cover slips were washed twice with buffer.
The decondensed histone-depleted chromosomes (from Section 3.5.3) were
reacted with IgM of dilution, 1/100, and 30 nm colloidal gold-GAMIgM only.
After staining, the cover slips were dehydrated in an ascending series of ethanol
for 15 min at each step. aollowing dehydration, the cover slips were transferred from
the absolute ethanol to an ascending series of Freon 113 in 100% ethanol and placed
into a Ladd critical point drier. Freon 113 was replaced by Freon 13 and the cover
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slips were dried at a constant temperature of 38°C at 561 psi. The dried cover slips
were mounted on copper stubs by carbon paste, coated with evaporation of carbon in
the Joel JEE-4X vacuum evaporator in 30 A and 10-7 Torr for 1.5 min, and
examined with a Joel JSM-35CF scanning electron microscope at 15 kV with the
backscattered electron image (BEI) mode and the secondary electron image (SEI)
mode.
3.6 Partial hepatectomy (p.h.) of the rat liver
Male albino Sprague-Dawley rats of 250-300 g were used. The rats were fasted
overnight preoperatively to remove the more labile hepatic cellular substances by the
diet. Drinking tap water was freely available.
All. operations were performed on the rats anestherized with ether, and on the
time between 8 a.m. and 11 p.m. The liver was exposed through a midline
abdominal incision. Both the median lobe and left lobe were excised according to the
technique of Higgins and Anderson (1931), leaving the right lateral, small caudate,
and spigelian lobes. The amount of liver excised with this procedure was 2.55±0.16
% of the body weight (determined in 12 rats). From the previous report, about two
third of the liver were removed. Water and usual diet were provided after the
operation and no special postoperative care was given.
3.6.1 Tissue Preparation
Rats were killed at 12, 20, 27, 34, 40 hours after p.h. and right lobe were used
for the TEM examination. Normal rat liver was also used as control to compare the
difference in the changes of the distribution of phosphoprotein B. during the normal
cell replication. Liver fragments of 1 mm3 in diameter were fixed with Karnovsky
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fixative for 4 hours at 4 C. They were then processed for TEM studies as described
in Section 3.3.1 and Section 3.3.2.1.
3.7 Studies of the changes of the phosphoprotein B2 during
spermatogenesis in the rat seminiferous epithelium
3.7.1 Light microscopic (LM) studies
3.7.1.1 Tissue preparation
The testes and epididymis of adult (about 300 g) male albino Sprague-Dawley
rats were dissected out from the scrotal sac through the abdominal cavity, cut into
fragments with scaples and put into 10% neutral buffer formalin overnight and Zenker
fixative fixed for 4 hours at 4 C. The specimens were dehydrated through an
upgrading series of ethanol, cleared in xylene, infiltrated and embedded in paraffin
(Paraplast, m.p. 56-57 Q. The specimens were sectioned to 5 gm in thickness with
an AO Rotary Microtome, mounted on chrome alum-gelatin adhesive coated glass
slides and incubated in a 57 C oven overnight.
3.7.1.2 Methods in LM studies
The paraffin sections were stained with several methods included PAP staining.
avidin-biotin-complex (ABC) staining, and colloidal gold-GAMIgM with silver
enhancement method.
3.7.1.2.1 PAP staining
The procedures were similar to that described in Section 3.2.2 by using of a kit
(DAKO PAP KIT' System 40 K550) against mouse antibody. The formalin fixed
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tissue sections were digested first with 1% type II trypsin in 1% CaC12 solution at
37°C for 30 min, and washed throughly with distilled water whereas, the Zenker
fixed tissue sections were depigmented with 0.5% alcoholic iodine for 3 min and 5%
sodium thiosulfate for 2 min. Then the endogenous peroxidase activity was blocked
by 3% H2O2 in distilled water. In order to reduce background staining, the slides
were washed in a high salt buffer (0.02 M Tris: 0.1% PBS= 1: 9). After staining
with mouse PAP, the color was developed in the DAB substrate solution.
3.7.1.2.2 ABC staining
The procedures recommended in the instruction of the Mouse IgG
VECTASTAIN ABC KIT (Vector) were followed. The secondary antibody, IgG,
provided in the KIT reacted with both the heavy and light chains of the mouse
antibody, thus suitable for both mouse IgM and IgG antibodies. This method utilized
the specific binding of avidin and biotin. The preparation of the sections was similar
to that of PAP. The slides were digested or depigmented, blocked with H2O2, stained
with normal serum and IgM. The sections were then incubated with diluted
biotinylated antibody solution, followed by VECTASTAIN ABC Reagent. The color
of the section was also developed with DAB solution with supplement of 50 µl of
8% NiC12 (in water) to 10 ml of the substrate solution to turn the precipitate formed
of DAB purplish blue rather than brown for easy identification.
3.7.1.2.3 Colloidal gold staining
This method was similar to that of staining for TEM study (Section 3.4.2.1)
except that the colloidal gold marker was enhanced by the silver enhancement kit
from Janssen for a suitable length of time.
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3.7.2 TEM study
The dissected testes and epididymis from the adult male rat were fragmented
and fixed in Karnovsky fixatives for 4 hours at 4°C. Then the tissues were
dehydrated, embedded in Spun and ultrathin sectioned as described in section 3.3.1.
The thin sections were immunostained with IgM antibody and 10 nm colloidal gold
GAMIgM as Section 3.3.2.1.
3.7.3 Localization of the phosphoprotein B2 in the decapitated
and decondensed epididymal isolated sperm nuclei
The protocol of the isolation of decapitated spermatozoa was similar to that of
Evenson et al (1978) and Mahi and Yanagimachi (1975). Fresh rat semen was
obtained from several male albino Sprague-Dawley rats (retired breeder). The cauda
epididymis was dissected out from the abdominal cavity and the semen containing
spermatozoa was squeezed out from the lumens of the tubules, and the semen isolated
was washed three times in the THE buffer (0.01 M Tris-HCI, 0.15M NaCl, 0.001 M
EDTA, pH 7.5). The acrosomal cap and the nuclear membrane of the spermatozoa
were removed by adding the anionic detergents, sodium lauroyl sarcosinate (Sarkosyl
reagents, Sigma) to the resuspended spermatozoa at a 1.5% final concentration. for 60
min at room temperature. Then the spermatozoa were resuspended in 0.05 M Tris,
0.02M dithiothretiol (DTT, Sigma) for 20 min at room temperature.
The treated spermatozoa were used for localization of phosphoprotein B2 to
study the antigens on the surfaces of the nuclei. The spermatozoa suspension was
washed with the PBNT buffer as used in Section 3.3.2.1, and then incubated with
19M of dilution 1/100 for 1.5 hours. After washing with the buffer, the suspension
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was incubated with 5 nm colloidal gold-GAMIgM (Janssen) of dilution 1/25 for 30
min. The labelled nuclei were washed three times in the buffer and fixed in the
Karnovsky fixative for 30 min, followed by washing throughly in buffer and distilled
water. The labelled colloidal gold particles were intensified by the silver enhancement
kit (AuroProbeTM BLplus-IntenSETM II, Janssen) within 1 to 2 min, and then
washed throughly again in distilled water to stop the reaction.
The labelled spermatozoa were spread on the carbon coated glass cover slips
(as described in Section 3.5.1), critical point dried and coated with carbon vapour for
SEM studies as described in Section 3.5.4.
The labelled spermatozoa were also processed for TEM studies. The
spermatozoa were spun down and the pellet was dehydrated, embedded in Spurr and
ultrathin sectioned (described in the Section 3.3.1). The thin sections after
.Counters taining were examined by TEM.
3.7.3.1 Preparation and staining of the phosphoprotein B2 in the
decapitated and decondensed spermatozoa
The preparation of the decapitated spermatozoa isolated from the cauda
epididymis was the same as the above section. After treatment with Sarkosyl reagents,
the spermatozoa were resuspended in 0.2 M dithiothretiol (DTT, Sigma) in 0.5% SDS
(Sigma) for 20 min at room temperature to decondense the nuclei. The spermatozoa
pellet after the dencondensation was fixed in the Karnovsky fixative, and processed
for TEM -as Section 3.3.1.
The thin sections were immunoreacted with the IgM antibody and 10 nm




4.1 Distribution of the phosphoprotein B2 in the three
different cancer cell lines.
4.1.1 Light microscopic studies
When the EC/CUHK 1, passage 96 and EC/CUHK 2, passage 93 cells were
subcultured onto the cover slips, the cells attached and later flattened on the surface
of the the cover slips after 1 to 2 days culture. The cells- divided to produce a colony
of daughter cells. Since the cancer cells* are actively dividing cells, mitotic figures
were easily identified in the colony (Fig. 1 and 2). EC/CUHK 1 were easily
distinguished from the EC/CUHK 2 by their larger nuclei and by having several
nucleoli.
When the cells were allowed to grow, they covered all the surface and piled
up. Therefore, they were fixed after a small colony was formed.
In the preliminary studies, when the cells were fixed in the 2%
Paraformaldehyde and stained with the IgM using the mouse PAP, the cytoplasm but
not the nucleus was stained...In the mitotic cells, the chromosomes were not stained.
Since the antigens is a nucleoprotein, the result may due to the penetration problem
of the antibody and nonspecific staining.
In order to permeablize the membrane, the cells were fixed in 2%
Paraformaldehyde and 0.1% Triton X-100. After staining the cells with IgM using the
PAP KIT, the result of the EC/CUHK 1 was shown in Fig. 3A-D. The interphase
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nuclei were stained brown due to the reaction of the peroxidase and DAB. However,
the cytoplasm was negatively stained and was difficult to identify in the
non-counterstained cover slips. In some nuclei, part of the nuclear membrane were
more deeply stained while the entire nuclei of some cells were heavily stained (Fig.
3A). In Fig. 3B, a EC/CUHK 1 cell in the metaphase is shown having a tripolar
arrangement of the chromosomes in the cytoplasm and bipolar metaphase cells with
chromosomes lined up in the midline were also observed (Fig. 3C) showing the
heterogenicity among the cells. The chromosomes showed postive staining of a brown
color while the cytoplasm was negative. When the division proceeded, the two sets of
chromosomes were pulled towards opposite poles of the cytoplasm in anaphase (Fig.
3D) by the mitotic spindles. The DAB was still bound to the chromosomes and
change the distribution as the chromosomes changes.
Similar results were also observed in the EC/CUHK 2 cells (Fig. 4A-E). During
interphase, the nuclei were stained especially the' peripheral of the nuclear membrane.
Some of the nuclei were also heavily labelled (Fig. 4A). It seems that the amount of
phosphoprotein increased in some stages* of the mitosis. In the prophase (Fig. 4B), the
chromatin condensed to form the chromosomes with the nuclear membrane
disintegrated. The chromosomes and the cytoplasm in this cell were heavily stained
indicating the intensive binding of the IgM antibody in these stages. When the
chromosomes condensed, were pulled towards different poles and later reformed the
nucleus, the antibody was closely associated with the chromatin (Fig. 4C-E). The
cytoplasm was became negatively stained.
4.1.2 TEM studies
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The staining of the ultrathin sections with the immunogold method was affected
by the fixative used. The amount of markers in the section of tissues fixed with
osmium tetroxides was reduced as compared with the un-osmicated one eventhough
etching was done before staining. Moreover, etching increased the chance of
contamination.
In the control sections, the grid was stained with colloidal gold-antibody only.
Gold particles were rarely found in the section, showing the absence of nonspecific
binding, and hence demonstrated the specific binding of the colloidal gold with the
primary antibody. Therefore, the presence of the colloidal gold particles in the section
implied the presence of the primary antibody and hence the antigen.
4.1.2.1 EC/CUHK 1.
The EC/CUHK 1 of passage 69 was fixed and processed for the TEM
immunolabelling studies with both IgM and IgG2a. In the cell pellet, the cells were
found in various stages of cell cycles.
4.1.2.1.1 Distribution of BZ identified by IgM
In the interphase, the cells has a large pleomorphic nucleus with a thin layer of
heterochromatin beneath the nuclear membrane and a prominent nucleolus- in the
nucleoplasm (Fig. 5). The colloidal gold particles were found in both the euchromatin
and heterochromatin (Fig. 6). Moreover, the nucleolus was also stained, especially the
granular area and the nucleolar associated heterochromatin (Fig. 7). Some of the gold
particles were also found in the cytoplasm which may due to the in vivo synthesis of
the protein by the free ribosomes present in the cytoplasm (Fig. 6).
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In the early prophase (Fig. 8 and 9), the chromosomes condensed and the
nuclear membrane undulated and later disintegrated. The distribution of the colloidal
gold particles was changed as the chromatin condensed and concentrated in the
heterochromatin near the nuclear membrane (Fig. 8 and 10). The presence of B.
protein in the cytoplasm shown by some colloidal gold particles (Fig. 10) may due to
the in vivo synthesis or the dissociation of the protein from the chromatin and
discharge to the cytoplasm through the interrupted nuclear membrane.
In the late anaphase (Fig. 11), chromosomes were pulled to one pole of the
cytoplasm. The colloidal gold particles were also associated in the chromosomes
indicating the tight relationship of the phosphoprotein B. with the chromatin.
The chromosomes decondensed in the late telophase (Fig. 13) and the nuclear
membrane reformed surrounding the nucleus. The colloidal gold particles were still
remained in the similar association with the decondensed heterochromatin as with
chromosomes (Fig. 14).
4.1.2.1.2 Distribution of B2 identified by IgG2a
The distribution of the protein A-gold particles in EC/CUHK 1 cells with IgG2a
was also demonstrated mainly in the nucleus. The distribution of this protein by the
gold marker during the cell division was similar to that stained with IgM.
In the interphase (Fig. 16), gold particles were also associated with both
marginal heterochromatin, nucleolus associated chromatin and euchromatin (fig. 17
and 18). During the mitosis, the gold particles were also found in chromosomes. In
the telophase (Fig. 19), the gold particles were also bound to the chromatin in the
nucleus (Fig. 20). However, the amount of gold particles labelled with IgG2a and
Protein-A gold was much less than with IgM.
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Although the two antibodies were raised against the phosphoprotein B21 they
may be specific for different epitopes in the antigens. During processing, e.g. fixation
and embedding may affect the structure of the epitopes and hence affected the
labelling. Moreover, the intrinsic binding properties of two antibodies may also affect
the localization by the markers.
4.1.2.2 EC/CUHK 2
In the interphase cells (Fig. 21), the colloidal gold particles were distributed
throughout the whole nucleoplasm. Some gold particles were also demonstrated in the
thin heterochromatin associated with nuclear membrane and also the nucleolus (Fig.
22).
In the mitosis, the distribution of the colloidal gold particles in the prophase
(Fig. 23-25), metaphase (Fig. 26-28), anaphase (Fig. 29-31), and telophase (Fig.
32-34) was similar to that of EC/CUHK 1. Briefly, the colloidal gold particles were
shown an intimate relation with the chromatin throughout the cell division and
changed their position as the chromatin changed.
4.1.2.3 Reuber Hepatoma H4-II-E
In the rat tumor cells, the distribution of phosphoprotein BZ by the colloidal
gold particles in the interphase (Fig. 35 and 36), prophase (Fig. 37-39), metaphase
(Fig. 40 and 41), late telophase (Fig. 42=45) were also similar to the other two cell
lines described.
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4.1.3. The study of the distribution of the phosphoprotein B. in
the in situ EC/CUHK 2 nuclear matrix
The morphology of the EC/CUHK 2 cells after treatment with detergents,
DNase and high salt solution (Fig. 46) resembled that of the original cell. However,
the outer plasma membrane was disrupted by the detergent and most of the organelles
were removed leaving the cytoskeleton. The nuclear lamina appeared as the thin
continuous filamentous strand in the cytoskeleton which can be used to outline the
position and morphology of the nucleus. Moreover, there were two other structures
identified in the nucleus: the dense residual nucleolus and the internal matrix.
The colloidal gold particles were reacted with internal matrix and the dense
nucleolus indicating the present of the phosphoprotein B2 (Fig. 47).
4.1.4 The study of the phosphoprotein B2 in the chromosomes
The preparation of the chromosomes using the usual methods fixing the cells in
the methanol/acetic acid fixative did not produce a good morphology of the
chromosomes for the studies in SEM. Chromosomes were easily dried in such
fixative before they firmly attached to the cover slips. However, the addition of low
concentration of glutaldehyde produced the best way of preservation of chromosomes
for SEM morphological studies.
Moreover, the properties of the surface of the cover slips also affected the
preparation. Poly-L-lysine treated cover slips were not a good adhesive surface as the
chromosomes detached when washed in the subsequent procedures. The
aminoalkylsilane-treated cover slips provided a better surface for the attachment of the
chromosomes but still not as good as that of carbon-coated cover slips.' In addition,
carbon-coated cover slip also improved the conductivity of the section with the stub.
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The chromosomes oriented differently in the SEI mode image depending on
how they attached. In the higher magnification, the surfaces of the chromosomes were
granular representing the condensed chromatins.
The phosphoprotein B2 was demonstrated on or close to the surface of the
chromosomes by IgG2 with the 40 nm colloidal gold-antibody. In the SEI mode
image, the colloidal gold particles were not easily identified as they appeared as
bright dots (Fig. 49A and 50A). When using the BEI mode, the particles were a
strong backscatter electron sources but the chromosomes were not. Dark circular dots
of regular size gold particles were observed in the obscure image of the chromosomes
(Fig. 49B and 50B). However, the staining with IgM and- 30- nm colloidal
gold-GAMIgM antibody was very weak.
After the chromosomes were treated with the heparin and dextran sulfate,
histone-depleted chromosome were obtained in the bottom viscous Metrizamide layer.
In the SEM (Fig. 51A), the chromosomes were swollen and lost the normal four arms
structure. Strands of the chromatin radiated out from the central core. These
histone-depleted chromosomes, however gave a strong staining image by the IgM
with 30 nm colloidal gold-GAMIgM antibody (Fig. 51B). The particles were found
throughout the interior of the central core and also the extended strand of chromatins
indicating the presence of the., phosphoprotein in this structure.
4.2 Distribution of the phosphoprotein B2 in the regenerating
liver
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4.2.1 Histological changes after partial hepatectomy (p.h.)
After removal of the left and the middle lobes, the remaining lobes were
enlarged and doubled their weight when compared with the same lobes of the normal
rats. From the light microscopic observations, the previously reported postoperative
changes of the hepatocytes were also observed. In the 12 hours after p.h., the
glycogen stained with Periodic-acid-Shift (PAS) methods were decreased starting from
the hepatocytes around the portal area. Most cells have a low glycogen content in the
40 hours after p.h. Lipid droplets were increased and accumulated 34 hours after p.h.,
and identified as vacuoles in the sections. Mitotic figures were first observed in 27
hours after p.h. and most prominent in 34 hours after operation especially around the
portal area. These results indicated the hepatocytes were stimulated to divide after
p•h.
4.2.2. The distribution of the phosphoprotein B2 in the
hepatocytes after p.h.
In the normal liver, hepatbcytes were usually consisted of a population of
uninucleated and binucleated cells. In both types of cells, the colloidal gold particles
were mainly localized in the nucleus or nuclei (Fig. 52-54) especially in the
heterochromatin in the nuclear peripheral or those associated with nucleolus (Fig. 53).
Some were also found in the euchromatin.
12 hours after p.h., the nucleus and nucleolus were enlarged with the
heterochromatin around the nuclear periphery decreased (Fig. 55). The gold particles
found in the euchromatin were increased (Fig. 56). The gold particles in the nucleolus
were also observed (Fig. 57).
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Some of the hepatocytes in the 20 hours after p.h. showed significant changes
due to the hepatectomy. The endoplasmic reticulum, glycogen and the number of
mitochondria were reduced but lipid droplets in the cytoplasm were increased (Fig.
58). The nuclei were similar to that of 12 hours having a large nucleolus and not
much marginal heterochromatin. Colloidal gold particles were also mainly found in
the euchromatin and nucleolus (Fig. 59-60).
27 hours after p.h., the hepatocytes around the portal areas entered mitosis. In
the early prophase (Fig 61), the nuclear membrane became undulated, the nucleolus
was slightly dispersed and the chromatin condensed. Colloidal gold particles tended to
associate with the condensed chromatin (Fig. 62 and 63). In the late prophase (Fig.
64), the chromatin were condensing to form chromosomes and the nuclear membrane
disintegrated. The colloidal gold particles were then found mainly in the condensed
chromosomes (Fig. 65). The labelling by colloidal gold particles of the chromosomes
was still observed in the subsequent stages of the mitosis (Fig. 66-69).
4.3 Distribution of the. phophoprotein B. during rat
spermatogenesis
4.3.1 Light microscopic studies
Although the- intensity of the staining various, the reaction of the rat
seminiferous epithelium with IgM using different fixatives and different methods
shown approximately the same results. Only the seminiferous epithelium fixed in
formalin and stained with PAP KIT are shown (Fig. 70-74). All the interstitial cell
nuclei gave positive brown staining. In the tubules, nuclei having various intensity of
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staining were observed.
The type A and type B spermatogonia in the basal compartment of the
seminiferous epithelium were heavily stained (Fig. 71 and 72). When spermatogonia
divided, the chromosomes were labelled. The different stages of the prophase of the
spermatocytes were also labelled but with different intensity due to the changes of the
condensation of the nuclei (Fig. 71-74). The pachytene (Fig. 72 and 74) and transition
(Fig. 71) spermatocytes had a more large dispersed nuclei and some of the dense
structure inside the nuclei were stained with the DAB, whereas the leptotene nuclei
(Fig. 73) were smaller and the stained nuclei were more compact than the other
stages. Similar- to the previous results, the chromosomes of the meiotic division
showed a positive reaction with IgM (Fig. 70).
When the spermiogenesis proceeded, the spermatids in the golgi phase (Fig.
71), cap phase (Fig. 72) and acromosome phase (Fig. 73) were all labelled. However,
when the sperm nuclei further condensed in the' maturation phase, the staining was
very weak (Fig. 72). In the epididymis, the sperm head were also weakly stained with
IgM and colloidal gold-GAMIgM antibody.
4.3.2 TEM study
The colloidal gold particles in the nuclei of spermatogonia (Fig. 75) were
similar to the previous observations in that they were mostly bound to the marginal
heterochromtin and in the nucleolus (Fig. 76). Few were localized in the euchromatin.
During division, the labels tended to concentrate in the chromosomes (Fig.77 and 78).
Then, when the chromosomes decondensed, the particles dispersed among the
chromatin (Fig. 79 and 80) and restored the interphase distribution.
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When the spermatocytes entered meiosis, they had a long prophase. In the
pachytene spermatocytes (Fig. 81), the homologous chromosomes were synapsed and
formed the synaptonemal complex. The label of colloidal gold was not found in the
central core of the synaptonemal complex but in the slightly dense chromatins near
the complex (fig. 82). Later, when the chromosomes divided meiotically (Fig. 83), the
colloidal gold particles were localized mainly in the chromosomes (Fig. 84). However,
the structure of the meiotic chromosomes was less condensed than that of mitosis
(Fig. 84).
After division, the meiotic chromosomes decondensed to form the spermatids
(Fig. 85-88). The colloidal gold particles were localized within the dense chromatins
(Fig. 86 and 88).
In the early spermatids (step 1), there was no marked marginal hetrochromatin
and all the chromatin were dispersed loosely in the nucleus except for a dense area
sometimes called the round body similar to a nucleolus, observed in the nucleoplasm
(Fig 89). The colloidal gold particles were seem distributed evenly inside the nucleus
(Fig. 90). In the cytoplasm, a chromatoid body or its primodial structures (Fig. 92)
were observed. Some colloidal gold particles were found in these structures.
In step 2 spermatids (Fig 92), several proacrosomal granules were found in the
Golgi. apparatus situated at the luminal side of the nucleus. The colloidal gold
Particles were associated with the chromatin (Fig. 93) in the nucleus.
In step 6 spermatids (Fig. 94), the proacrosomal granules had already coalesced
to form the acrosome cap flatted onto the surface of the sperm head. Prominent
nucleoli were observed in the nucleoplasm (Fig. 96). Colloidal gold particles were
found in the dense chromatin around the nucleolus. Other parts of the nucleus were
also labelled Fig. 95).
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In the acrosome phase, the nucleus elongated with the acrosome granule spread
on the surfaces of the nucleus forming the cap. The step 9 spermatid in Fig. 97 also
demonstrated a elongating tail from the proximal end of the nucleus by one of the
centrioles. The microtubule arranged in the cytoplasm as the manchette surrounding
the developing tails. Under higher magnification, some of the colloidal gold particles
were found in the thickened nuclear membrane underneath the acrosomal cap (Fig.
98). The chromatoid body was migrated to one side of the developing tail and was
labelled with the markers.
In the step 10 spermatids (Fig. 100), the organization of the chromatin in the
nucleus were changed to become homogenous than before and the nucleus was much
elongated. From the higher magnification (Fig. 101-103), the gold particles were still
observed but seemed to be reduced when compared with.the previous nuclei.
Chromosomal condensation initiated from the apex of the sperm head indicating
by the changes of chromatin into dense strands (Fig. 105) in the step 12 spermatids.
The number of colloidal gold particles also seemed to be reduced (Fig. 105-107).
However, most of the labels were found in the condensed chromatin in the apex of
the developing sperm head (Fig. 105).
During maturation phase, the chromatin further condensed to a homogenous
nucleus (Fig. 108 and 109). Interestingly, a tremendous increase in the number of
colloidal gold particles was repeatly observed in these nuclei. The released sperm
nuclei in theseminiferous tubules and in the different parts of the epididymis all had
similar numbers of colloidal gold particles bound to the nuclei.
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4.3.3 The localization of phosphoprotein B2 on the surface of
the decapitated mature sperm head
The decapitated sperm head in the SEM (Fig. 110A) shown a smooth outline
with a round apex and granular surface indicating the complete removal of the
acrosomal head and the nuclear membrane. From the immunostaining, a lot of round
particles of similar size were found in the SEI image which confirmed them to be
silver enhanced particles by BEI image (Fig. 110B).
In Fig. 111, although the sperm head treated with the same method, acrosome
cap was loosely attached but the plasma and nuclear membranes were seemed
disrupted. One side of the nucleus was' labelled with the silver enhanced particles.
None of the 5 nm colloidal gold particles were found inside the dense sperm nuclei.
4.3.4 The localization of phosphoprotein B2 in the decapitated
and decondensed mature sperm head
After treatment with the Sarkosyl reagents and the DTT/SDS solution, the
acrosomal cap and nuclear membrane were removed as shown in the SEM
micrograph (Fig. 112-114). The tails were separated from the sperm head and
disrupted. The outer dense fibers that surrounded the axoneme were separated and
coiled together becoming the main contaminant in the preparations (Fig. 115).
In TEM, one of the decondensed sperm head was recognized by the curved
morphology of the longitudinal section of the sperm heads (Fig. 115). The structure
of the decondensed sperm head differed greatly from the untreated one. The
chromatin was nearly completely dispersed and only some dense particles were found
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also radiated out from the nuclei. Colloidal gold particles, were concentrated inside
the nuceli. On higher magnification, the labels were mainly localized in the dense




5.1 Evaluation of the two different antibodies, IgM and IgG2a, in
immunocytochemical study
In the present immunocytochemical studies, IgM was better than IgG2a in the
localization of the phosphoprotein B2 in both the paraffin sections in the light
microscopic studies and the ultrathin sections in the electron microscopic studies.
However, Ilalikowski and Liew (1987) have shown that the IgM antibody reacted less
strongly than IgG1 and IgG2a antibodies in the isolated nuclear-matrix proteins.
Moreover, they also demonstrated that the
epitope of IgM is distinct from that of IgG1 and either identical with or in close
proximity to that of IgG2a. Therefore, both the IgM and IgG2a are expected to have
similar results in the localization of the phosphoprotein B2.
The failure of the IgG2a in immunostaining may be due to several reasons. One
of the reasons may due to the intrinsic properties of IgM and IgG. The structure of
IgM antibody is known consisting of five molecules of the normal 4-peptide unit
structure, linked by additional disulphide bonds on the constant portion of their heavy
chains. The effective antigen-combining valency of IgM is 5 but IgG is only 2.
Therefore, with most antigens (all except small haptens), IgM is more sensitive than
IgG (Pearse, 1980).
Moreover, the specific epitope of the protein may be masked or altered by the
reagents used in the fixation and tissue preparation. Chaly, et Al (1985) using 3T3
cells and Halikowski and Liew (1987) using BC3H1 muscle cells found that treatment
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of the the nuclei with DNase I gave a more pronounced staining pattern of IgM to
the nuclear matrix. However, Halikowski and Liew (1987) also demonstrated that the
same treatment of the nuclei with DNase I did not result in any marked increase in
any fluorescence with the use of IgG1 and IgG2a antibodies. In the present study, the
IgM was found able to localize the epitope of the B2 phosphoprotein in both paraffin
sections and plastic ultrathin sections. However, the preliminary studies of the IgG2a.
has only shown a weak localization in the ultrathin section. It seems in agreement
with the previous observation that the epitope of IgG1 and IgG2a are masked or these
two antibodies are not useful in immunohistochemical study.
5.2 The distribution of the phosphoprotein B2 in mitosis
(A) The two human oesophagus carcinoma. and the rat hepatoma are actively
proliferative cell lines. The presence of phosphoprotein B2 in the nuclei of the cells
from the above cell lines suggests that this protein is a common nuclear protein in
different animal cells. The distribution of the phosphoprotein was similar in both cell.-
lines suggesting the same function. From our present study, it is difficult to determine
whether there is a quantitative difference of the amount of B2 phosphoprotein in
different tumour cells.
In all three types of cancer cells, the chromatin in the nucleus is very
active and the chromatin is mostly in the form of euchromatin and there is only a
thin layer of marginal heterochromatin.- The PAP method and the immunogold
electron microscopy demonstrated that the phosphoprotein B2 was preferentially in the
euchromatin than in the thin layer of heterochromatin. At metaphase, the protein was
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found in chromosomes at the equatorial plate. The association with the chromosomes
remained unchanged throughout the later stages of the cell cycle.
(B) The morphological changes of the protein B2 in different phase of the
regenrating liver after the hepatectomy was studied. In the 12 hours regenerating liver
(Fig. 55-57) when there is a maximum number of active gene expression, the
heterochromatin is reduced and the nucleolus is enlarged. More nuclear protein B2
was found in the euchromatin as compare to that in the resting liver cells (Fig.
52-54). When the DNA synthesis is initiated about 18 hours after hepatectomy, the
nucleus enlarged and more euchromatin was found. The phosphoprotein B2 also
mainly associated within the the euchromatin. When the cells enter the prophase of
the mitosis, the phosphoprotein was found associated with the condensing chromatin.
Similar to that observed in the mitosis of cancer cells, the BZ protein remained
attached to chromosomes in the later stages of cell cycles. Our previous results
(Chew, et al, 1987, 1989a Halikowski Liew, 1988) have showed that the B2
Protein is primarily associated with the .nuclear envelope, while it is predominantly
localized in the euchromatin fraction 16 hours following partial hepatectomy as the
the amount of DNA increased dramatically. The net amount of nuclear protein B2 and
the amount of phosphate content were. both increased in the regenerating liver
whereas the amount in the nuclear matrix fraction decreased (Liew et al, 1988 Chew,
et al, 1989a).
From the two actively dividing cell systems, it is shown that this nuclear
Protein B2 is associated with all form of the chromatins. In the resting cell, the
protein is concentrated in the heterochromatin but it is mainly localized in the
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euchromatin when the cell becomes more active. The dynamic movement of this
protein has been suggested to be associated with phosphorylation/ dephosphorylation
in cellular activities. The phosphorylated proteins are preferentially associated with the
actively transcribed nucleosomes (Liew et al, 1988 Chew et al, 1989a).
By the use of monoclonal antibodies against the phosphoprotein B2, Chew et al
(1989a, b) demonstrated that this protein is distinctively different from lamins A, B
and C as revealed by Western Blot in two-dimensional polyacrylamide gel
electrophoresis. Besides, the distribution of this nuclear phosphoprotein is strikingly
different from that of lamins at all stages of the cell cycles. The lamins are located at
the periphery on the fibrillary network that interconnects the pore complexes in the
interphase nuclei (Burke, et al, 1983 Gerace, et al, 1978 Krohne, Lt 21, 1978
Noaillac-Depeyre, et al, 1987). During mitosis, lamins A and C are soluble in the
cytoplasm whereas lamin B remains associated with membrane vesicles that may
derive from the fragmented nuclear envelope (Gerace, et al, 1984). The lamins are
detected throughout the cell, but the chromosomes are immunonegative (Burke, et Al,
1983 Gerace, et al, 1978).
Although several workers have demonstrated the association of nuclear antigens
With chromosomes during mitosis by immunofluorescence techniques (Bhorjee, et
a1,1983 Chaly, et al, 1984 Earnshaw, et Al, 1985 Fields Shaper, 1988 Tsutsui, et
al, 1984 Turner, 1981 Black, et al, 1987 Verheijen, et Al, 1989), only a few
electron microscopic studies have shown the presence of certain nuclear matrix
polypeptides studies in metaphase chromosomes (Earnshaw, et al 1985
Noaillac-Depeyre, et al, 1987). Razin and coworker (Razin, et al, 1981) have shown
that the bulk of the DNA attachment sites is not changed when the cell passes from
mitosis to interphase and reversibly, the general plan of chromosomal organization
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(Fig. 51), the protein B2 was still bound to the chromatin and not to the scaffold
structure. This also suggests the presence of binding sites in the chromosomes during
mitosis.
5.3. Observation of the phosphoprotein B2 during
spermiogenesis
5.3.1 Observation of B. in spermatogonial development
(A) In the PAP staining, the phosphoprotein B2 was demonstrated in the
spermatogonia, spermatocytes, and early and intermediate spermatids but was absent
in the late spermatids. During the mitotic division of the spermatogonia and the
meiotic division of spermatocytes, the distribution of the phosphoprotein B2 was
similar to that studied in the mitosis of normal cells and cancer cells. When the
chromatin condensed to form the chromosomes, the phosphoprotein B2 was also
demonstrated in them.
In rat the DNA replication occurs in the preleptotene spermatocytes in late
stages VII and during stages VIII (Monesi, 1962 Hilscher, 1967 Clermont, 1972).
This is considered the onset of the meiosis. The leptotene stages of meiosis are
characterized by a fine beaded filament configuration of the chromosomes. The
beaded structures of the nuclei of leptotene spermatocytes which contained 4N
amount of DNA were heavily stained with gold-labelled antibody against B2. In the
haploid spermatids, the peripheral and some granular areas of the nucleus of early
spermatids were also stained. It seems that the amount of the phosphoprotein B2 is
related to the amount of DNA present in the nuclei. In the intermediate spermatids
(steps 11-13), the nuclei were more homogenously stained suggesting that the nuclei
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contained a high amount of phosphoprotein,
(B) The results on distribution of phosphoprotein in the TEM agree with the
light microscopic observations. The protein was located inside the nuclei of
spermatogonia, spermatocytes, and the chromosomes when the cells divided. In the
pachytene spermatocyte, some of the phosphoprotein B2 was found more concentrated
in the chromatin around the lateral element of synaptonemal complex. Heyting (1985)
isolated the synaptonemal complexes from rat spermatocytes and found they contained
several major protein components of relative mobilities (Mrs) of 67 to 60 and 57 to
55 kDa and 5. minor protein with Mrs of 90, 35, 33, 28, and 26 kDa and varying
amounts of histones. Whether the. B2 is part of a component of the Mrs for the
organization of DNA needs to be investigated.
In the nuclei of the spermatids, a phase dependent change in the amount of B2
phosphoprotein was demonstrated. In the intermediated spermatids (step 10-13), the
amount of labels suggests a relative decrease in the amount of phosphoprotein over
the early speramtids (steps 1-9). When 'the chromosomes condensed in the step 14,
the amount of phosphoprotein increased and was evenly distributed throughout the
whole mature nucleus. In the mouse, O'Brien and Belly (1980) have isolated at least
12 major and several minor bands in the acidic and moderately basic protein
fractions. Among them, a 68 kDa acidic protein similar to the molecular weight of B2
was noted. Whether this pattern also appears in the rat sperm head and whether it is
related to B2 is not clear.
The changes in these phosphoprotein may correlate with the changes of other
proteins. Hisones and nonhistone are present in the steps 1-8 spermatids and replaced
by TP and TP2 in steps 13-15. In these steps, the transition DNA fiber appears to be
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devoid of nucleosomal structure (Kierszenbaum Tres, 1975) and thus nucleosomes
must be disassembled. The beaded structure of the chromatin is then replaced by a
smooth type (reviewed by Parvinen, et al, 1986). The phosphoprotein B2 also
demonstrated slighly reduction in amount during the steps 9-13 when histone and
nonhistones are replaced and the nucleosomal structure of the chromatin changed.
Therefore, the B2 may not have function in the transition. In the step 14, the
condensation of the chromatin is completed, the amount of the phosphoprotein B2 has
increased substantially. Therefore, B2 is not related to the initiation of the
.condensation. During the. steps 16-19 the TPs are replaced by TP3 and S1 (Grimes, et
al, 1977 Meistrich, et al, 1978).. However, the phosphoprotein B2 is still maintained
at the high level. This seems to suggest that B2 may play, an important role in the
maintainence of the stabilizing of the chromatin in the compact organization.
5.3.2 Translation of phosphoprotein B2 during spermiogenesis
Heidaran, et al (1988) studied the nuclear transition protein 1 (TP1), a protein
that exist during step 12 to 15, in the rat and demonstrated that the TP1 mRNA first
appeared well after meiosis in haploid cells but is not translated effectively for the
several days required for these cells to progress to the stage of chromatin
condensation. Other studies of TP1 also suggested that there is a translational control
of mRNAs (Kistler, et al, 1987 Heidaran Kistler, 1987).
Hecht Penshow (1987) studied five nuclear and cytoplasmic structural genes
in the mouse testis. They found that the mRNAs for three nuclear structural proteins
involved in chromatin transformation during spermatogensis (the two protamine
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variants of the mouse and one of the testis-specific proteins) are restricted solely to
postmeiotic germ cells but the mRNAs for two other structural proteins, actin and
alpha tubulin, are detected throughout spermatogenesis.
It is likely that many mRNAs coding the proteins of the spermatozoon are
synthesized before meiotic divisions in the spermatocytes and stored in long-lived
form for transition during late spermiogenesis where the genome is inactive (Parvinen
et al, 1986). Although the origin of the chromatoid body remains obscure, the
presence of RNA in the chromatoid body was demonstrated (Daoust Clermont,
1955 Soderstrom Parvinen, 1976b Soderstrom, 1981 Walt Armbruster, 1984).
The material continuity was observed between intranuclear material and chromatoid
body through nuclear pores (Soderstrom Parvinen, 1976b Parvinen Parvinen,
1979).
In the present study, the phosphoprotein B2 was demonstrated in the chromatoid
body in the spermatids. This observation supports one of the theories which suggests
the origin of chromatoid body from the discharge of nucleus or nucleoli (Comming
Okada, 1972). The distribution of the phosphoprotein B2 was found decreased in the
steps 12 to .14 but increased rapidly in step 15, but storage of this protein in the
cytoplasm and other organelles may not be possible as none are detected by the
antibody in the cytoplasm. Therefore, a rapid synthesis of• the phosphoprotein is
suspected with the mRNA for this protein synthesis premeiotically, stored in




The nucleus of the mammalian spermatozoon is an exceptionally stable
organelle requiring very rigorous chemical treatments to free its chromatin
(Borenfreund, et al, 1961). Nuclear stabilization by disulphide (-S-S-) bond is
prominent in the spermatozoa only of eutherian mammals (Mahi Yanagimachi,
1975). Various methods have been used to decondense sperm nuclei and to isolate
and characterize the sperm chromatin and nuclear proteins (Borenfreund, et al, 1961
Henricks Mayer, 1965 Lung, 1972). Sodium dodecyl sulphate (SDS, an anionic
surfactant) and dithiothreitol (DTT, a reagent which specifically cleaves disulphide
linkages) have been used to study nuclear stabilization during maturation of
mammalian spermatozoa (Calvin Bedford, 1971 Calvin, et al, 1973). Human sperm
chromatin has a nucleosomal structure which consists of 160 b.p. DNA fragment in
the subunit. Human sperm protamine must form a protein core complex for the
maintenance of a nucelosome which is similar to the histone octamer in the somatic
system (Wagner Yun, 1981). However, the* human sperm protamine bears no
sequence homology to any of the histone proetins (Pongsawasdi Svasti, 1976) The
2-3 nm fibers revealed in the isolated sperm heads most likely represent DNA nearly
free of proteins. Rat spermatozoa was found being the most resistant to the reagents.
Dithiothretiol was effective for swelling spermatozoa of golden hamster, rat, guinea
Pig, rabbit, and dog only in the present of the SDS (Mahi Yanagimachi,..1975).
SDS, a strong agent commonly used in protein separation, may remove some of the
proteins in the sperm head during the decondensation. Therefore, some of the
phosphoproteins BZ were expected to be also removed. In the present study, it is
obvious that following the treatment with SDS, some of the B2 nuclear
phosphoprotein still remained as demonstrated by the colloidal gold localization.
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5.3.4 The possible function of the BZ phosphoprotein in the
mature sperm head.
The decondensation of the nucleus of human spermatozoa normally occurs in
the fertilized egg oocytes which allows the formation of a male pronucleus. This
phenomenon must occur rapidly at this stages but is excluded during all the preceding
stages of maturation of the sperm and during travelling through the female genital
tract, as otherwise it would loose its genome (Huret, 1986). This phenomenon may
also be true in other animals. Therefore, the protamine and other proteins if present
in the sperm head must have special properties of maintaining the chromatin in a
very compact nucleus and are capable of decondensing the chromatin rapidly after
entering the oocyte. From the present study, the phosphoprotein B2 was demonstrated
in the mature sperm head especially the internal supporting dense particles (Fig. 115
116) by the immunolabelling methods. This protein has already been shown to be
related to the nucleosomes. It is also suggested that the phosphorylation and the
dephosphorylation of the protein B2 change the location of the nucleosomes from the
nuclear envelope and hence affect the gene expression (Liew Chan, 1976 Chan
Liew, 1979 Zhao Liew, 1982 Liew et al, 1988). The close association of this
phosphoprotein with chromatin may imply an important role in the nuclear
organization of the sperm head. During the maturation, the B2 phosphoprotein may
dephosphorylate and pack the DNA together. Disulphide bonding of the protamines
formed during maturation may. assist the condensation. After entering the oocyte, the
phosphoprotein B. may be stimulated by some factors in the oocytes. The
phosphorylation may lead to a rapid decondensation of the DNA in the sperm head to
form the male pronucleus. This needs further investigation.
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ILLUSTRATION
Fig. 1 Light micrograph showing EC/CUHK 1 cells, passage 96,
grown in the tissue culture cover slip and stained with H
E. arrow heads, nucleolus N, nucleus T, telophase. Bar=
50 µm.
Fig. 2 Light micrograph showing EC/CUHK 2 cells, passage
93, grown in the tissue culture cover slip and stained with
H E. arrow head, nucleolus A, anaphase M,





Fig. 3(A-D) Light micrograph showing EC/CUHK 1 cells,
passage 93, grown in the tissue culture cover
slip, fixed in the 2% paraformaldehyde and
stained with IgM (1/100) with PAP methods..
Bars= 10 um.
Fig. 3A Light micrograph showing the nuclei of the cells at resting
or non-dividing stages. The pointer shows a heavily
stained nucleus suggesting that the cell may enter the cell
cycle.
Fig. 3B Light micrograph showing a cell at the metaphase (M)
with a tripolar arrangement of chromosomes (arrowhead).
Fig. 3C Light micrograph showing two cells at the metaphase (M)
with chromosomes arranged in the midline of the
cytoplasm (arrowhead).
Fig. 3D Light micrograph showing a cell at the anaphase (A) with






Fig. 4(A-E) Light micrograph showing EC/CUHK 2 cells,
passage 96, grown in the tissue culture cover
slip, fixed in the 2% paraformaldehyde and
stained with IgM (1/100) by PAP methods.
Bars= 10 µm.
Fig. 4A Light micrograph showing the nuclei of the cells at resting
or non-dividing stages. The pointer shows a heavily
stained nuclei suggest that the cell may enter the cell cycle.
Fig. 4B Light micrograph showing a cell at the prophase (P) of the
cell cycle with the chromosomes condensed and the nuclear
membrane disintegrated (arrowhead).
Fig. 4C Light micrograph showing two cells at the metaphase (M)
with chromosomes arranged in the midline of the
cytoplasm (arrowhead).
Fig. 4D Light micrograph showing a cell at the anaphase (A) with
the two set of chromosomes moving away from the
midline (arrowhead).
Fig. 4E Light micrograph showing a cell at the telophase (T) with







Fig. 5-15 The TEM of the EC/CUHK 1 cells, passage 69,
immunolabelled with mouse-anti-B2 IgM and 10 nm
colloidal-gold-antibody.
Fig..5. A low power TEM micrograph of an interphase cell
showing a lot of mitochondria (M) in the cytoplasm and a
large irregular nucleus (N) with a prominant nucleolus
(NU). Two areas of the nucleus are magnified in Fig. 6
and 7. Bar= 1µm.
Fig. 6 TEM of the high magnification of the peripheral of the.
nucleus showing a thin layer of heterochromatin (HC).
Gold particles. were found in the cytoplasm (C) and in the
heterochromatin (arrow), euchromatin (arrowhead) of the








Fig. 7 TEM of the high magnification of the nucleous (NU)
and part of the euchromatin in the nucleus. Gold particles
(arrowhead) were found in -the granular part of the
nucleolus. Bar= 0.5 µm.
Fig. 8 A low power TEM micrograph of a cell at the prophase.
having the. chromosomes formed in the peripheral
(arrowhead) of the nucleus (N). Fig. 9 was a high





Fig. 9 TEM of a portion of the nucleus (N) showing the gold
particles (arrows) in the condensing chromosomes. The
nuclear membrane was not completed in some areas
(arrowhead). Bar= 1 µm.
Fig. 10 TEM of a high magnification of part of the nucleus (N)
showing the gold particles (arrows) in the condensing
chromosomes. The nuclear membrane was not completed in
some area (arrowhead). Some gold particles (small arrows)






Fig. 11 TEM of a cell at the late anaphase with the chromosomes
(CH). in one of the daughter cell. A portion of the
chromosome was magnified in Fig. 12. Bar= 1 µm.
Fig. 12 TEM of the chromosomes (CH) a lot of gold particles






Fig. 13 TEM of a late telophase showing the chromosomes (CH) of
one of the daughter cells and the cytoplasmic constriction
between the two cells. Bar= 1 µm.
Fig. 14 A high magnification of the chromosomes (CH) showing
decondensation and the reformation of the nucleus with the
reorganization of the nuclear membrane (arrowheads). Gold




Fig. 15 A higher power micograph of a chromosomes of Fig.14
showing the gold particles (arrows) and the new nuclear
membrane (arrowhead). Bar= 0.2 µm.
Fig. 16-20 The TEM of the EC/CUHK 1 cells, passage 69
immuno-labelled with mouse-anti-B2 IgG2a and 10nm protein
A-gold-antibody.
Fig. 16 TEM micrograph showing an interphase cells with an
irregular nucleus (N) having a long nucleolus. Two areas






Fig. 17 A high magnification of the nucleus (N) showing gold
particles in both the heterochromatin and euchromatin. In
the cytoplasm (C), few tonofilament and some gold
particles (small arrows) were observed. Bar= 1 µm.
Fig. 18 Another portion of the nucleus (N) showing the gold
particles in different parts of the nucleus. NC, nucleolus







Fig. 19 TEM of a late telophase cells with the nucleus reformed by
the decondensed chromosomes and the new nuclear
membrane. Bar= 1µm.
Fig. 20 Higher magnification of the reformed nucleus (N) showing





Fig. 21-34 The TEM of the EC/CUHK 2 cells, passage 63
immuno-labelled with mouse-anti-B2 IgM and lOnm
colloidal-gold-antibody.
Fig. 21 Low magnification of an interphase cell with a spherical nucleus (N). There
were few mitochondria and other organelles in the cytoplasm (C). Part of the nucle
was magnified in the Fig. 22. Bar= 1µm.
Fig. 22 Micrograph showing a prominant nucleolus (NU) in the
nucleus (N). Gold particles were also found in the







Fig. 23 Prophase cells are shown in the TEM micrograph. Two
portions of a cell are magnified in Fig. 24 and 25. Bar= 1
µm.
Fig. 24 High magnification of a portion of the nucleus (N) with
condensing chromatin. Gold particles are indicated by






Fig.25 High magnification of another portion of the nucleus (N)
with condensing chromatin (CC). The nuclear membrane
was not continuous in some areas (arrowhead). Bar= 0.5
µm
Fig.26 A metaphase cell is shown with the chromosomes lined up
in the midline. Two of the chromosomes are shown in the






Fig. 27 and 28 The high magnification of the chromosomes







Fig. 29 An anaphase cell is shown with the chromosomes attached
to the centriole by the mitotic spindles (arrow heads) Two
portions of the chromosome are shown in the Fig. 30 and
31.Bar=1µm.
Fig. 30 High magnification of the chromosomes (CH) showing
gold particles (arrows). Bar= 0.2 µm.
30
CH
Fig. 31 Another portion of the chromosomes (CH) with gold
particles (arrows) in the interior of the chromatin. Bar= 0.2
µm.
Fig. 32 A low power electron micrograph of a late telophase cell
with several chromosomes (CH) reforming the nucleus.





Fig. 33 and 34 Two high power micrographs of the
chromosomes (CH). The nucleus was
reformed by the reorganization of the nuclear
membrane (arrow head). Gold particles were
found mainly in the chromatin. Some may







Fig. 35-45 The electron micrographs of the different stages of the cell
cycle of Hepatoma cells, passage 14, immuno-labelled with
mouse-anti-B2 IgM and 10 nm colloidal-gold-antibody.
Fig. 35 A low power micrograph of Hepatoma cells. An interphase
cell is shown with a large nucleolus in the irregular
nucleus. There were few organelles in the cytoplasm. Bar-
1 µm.
Fig. 36 A high magnification of a portion of the nucleus and
nucleolus. Gold particles were observed in both the





Fig. 37 A prophase cell with chromosomes condensed in the
nuclear periphery. Two portions of the nucleus are
magnified in Fig. 38 and 39. Bar= 1 µm.
Fig. 38 A magnified area of the nucleus with the gold particles
(arrow) located in the condensing chromatin. Some also







Fig. 39 Another area of the same nucleus with similar gold
particles distribution that related with dense chromatin.
Bar= 0.5 µm.
Fig. 40 A metaphase cell with several chromosomes shown in the
midline of the cytoplasm. Part of the chromosomes are




Fig.41 The high magnification shown that the gold particles
(arrows) were mainly observed in the chromosomes. Few
were also found in the cytoplasm. Bar= 0.5 µm.
Fig.42 A late telophase cell with the nucleus reformed from the
chromosomes and the nuclear membrane. Part of the




Fig. 43 The high power micrograph shown that the gold particles
(arrows) are distributed in the dense chromatin. Few were
also found in the cytoplasm. Bar= 1 µm.
Fig. 44 A low power micrograph of a cell with a more





Fig. 45 In the newly formed nucleus (N), the gold particles were
found not only in the dense chromatin (arrow) but also in
the euchromatin (arrow head). Bar= 0.5 µm.
Fig. 46 The low power micrograph of the detergent, DNase, high
salt treated EC/CUHK 2 cells, passage 61 showing the
residual structure of the nucleus which consisted of residual
nucleolus (NU), internal matrix (IM, large arrow head) and
nuclear lamina (L, small arrow head). Two portions of a







Fig. 47 A micrograph showing the gold particles (large arrow
heads) found in the residual internal matrix. A thin layer of
fiber (small arrow heads), the nuclear lamina (L), showed
the outer boundary of the nucleus. Bar= 1µm.
Fig. 48 This micrograph illustrated that gold particles were found in
the residual internal matrix (IM, 'large arrow head) and
residual nucleolus (NU, arrow). The nuclear lamina (L,









Fig. 49 SEM micrograph showing several chromosomes stained
with IgG2a and 40 nm colloidal gold-antibody. (A) SEI
showing the normal images (B) BEI demonstrated the
location of the gold particles (arrow head). Bar= 1µm.
Fig. 50 SEM micrograph demonstrated another group of
chromosomes stained with IgG2a and 40 m colloidal
gold-antibody. (A) SEI showing the normal images (B)
BEI demonstrated the location of the gold particles (arrow





Fig. 51 SEM micrograph of a histone-depleted chromosome
showing the chromatins extended from the central
scaffolding core. The chromosome was stained with IgM
and 30 nm coloidal gold-antibody. Gold particles were
located among the extended chromatin. (A) SEI showing
the normal images (B) BEI demonstrated the location of
the gold particles (arrow head).
51A
51B
Fig. 52-69 TEM micrographs showing the regenrating liver at the
various time interval stained with IgM and 10 nm colloidal
gold-antibody. Bar= 1 µm.
Fig. 52 TEM micrograph showing a normal liver cells with
centrally located nucleus (N) having a prominant nucleolus
(NU). There were a lot of mitochondria (M), rER and
ribosomes in the cytoplasm. Bile canaliculi (Bc) were
observed between two hepatocytes. Bar= 1 µm.
Fig. 53 A high magnification of the nucleus in the cell of Fig. 52.
In the nucleus, gold particles were found in the marginal
heterothromatin and nucleoar-associated chromatin (arrows).
M,Some were also found in euchromatin. C, cytoplasm









Fig. 54 Another micrograph showing a binucleated liver cell.
Similar gold particles distribution as Fig. 53 was observed
(arrows). M, mitochondria N, nucleus. Bar= 1 µm.
Fig. 55 TEM micrograph of a liver cell 12 hours after partial
hepatectomy (p.h.). The nucleus (N) and the nucleolus (NU)
were enlarged. The amount of heterochromatin in the
nuclear peripheral was decreased. Two portions of the






Fig. 56 The high magnification of the nucleus (N) showing that
the. gold particles are located mainly in the euchromatin
(arrows). Bar= 0.5 um.
Fig. 57 Another high magnification of the nucleus (N) showing that
the gold particles.. loctated in the euchromatin (arrows), the
granular part' of the nucleolus NU) and the nucleolar





Fig. 58 TEM micrograph of a liver cell 20 hours after partial
hepatectomy (p.h.). The nucleus (N) and the nucleolus (NU)
are enlarged. The number of mitochondira was significantly
reduced and lipid droplets were accmulated- in the
cytoplasm. Two portions of the nucleus were magnified in
Fig 59 and 60. Bar= 1 µm.
Fig. 59 A high magnificantion of the nucleolus (NU) in the nucleus
(N). The gold particles in the euchromatin (arrows) and
nuclear associated chromatin (NC, arrow head) are shown.






Fig. 60 Another portion of the nucleus showing some gold particles
in the nuclear peripheral (arrows) and the euchromatin
(arrow heads) in the nucleus (N). Bar= 0.5 µm.
Fig. 61 TEM micrograph of a liver cell 27 hours after partial
hepatectomy (p.h.). The nucleus (N) and the nucleolus (NU)
are enlarged. The nuclear membrane was undulated
suggesting the cell may enter the early prophase of the cell
cycle. Two portions of the nucleus were magnified in Fig





Fig. 62 and 63 The high magnification of the nucleus
showing the gold particles (arrows) found in






Fig. 64 TEM micrograph of a liver cell 34 hours after partial
hepatectomy (p.h.). The nuclear membrane was undulated
and the condensing chromatin in the peripheral indicated
the cell had entered the prophase of the cell cycle. Part of
the nucleus is magnified in Fig 65. Bar= 1 µm.
Fig. 65 The high power micrograph showing the gold particles
(arrows) mainly located in the condensing chromatin (CC)





Fig. 66 TEM micrograph of a metaphase liver cell 34 hours after
partial hepatectomy (p.h.) with the chromosomes lined up
in the midline of the cytoplasm. Part of the chromosomes
is magnified in Fig 67. Bar= 1 µxn.
Fig. 67 The high magnification of a portion of the chromosmes
(CH) showing gold. particles located in both the interior of





Fig. 68 TEM micrograph of a late telophase liver cell 34 hours
after partial hepatectomy (p.h.) with the chromatin
decondensed to reform the nucleus. Part of the nucleus is
magnified in Fig 69. Bar= 1 µm.
Fig. 69 The high magnification of the nucleus (N) showed the
dencondensing chromatins. The nuclear membrane has
reformed to' surround the nucleus (small arrow head). All
the gold particles were found in the dense chromatin
(arrows) and not found in the space between (large arrow




Fig. 70-74 The light micrograph of the seminiferous epithelium of the
rat testes stained with IgM and the PAP methods. Bars= 50
m.
Fig. 70 The stage XIV of the epithelium were indicated by the
meiotic division of the older spermatocytes. The younger
spermatocytes (T) are in the transition stages. of the
prophase of the first meiotic division. The nuclei of the
spermatocytes, the meiotic chromosomes (arrow heads) and
the older spermatids (step 14) (arrow) are stained with IgM.
Fig. 71 The stage IV of the epithelium were consisted of the type
A spermatogonia, spermatocytes (T) in the transition stages
of the prophase, spherical step 4 spermatids and bundles of
step 17- spermatids. The nuclei of the spermatogonia,
spermatocytes, the younger spermatids and older spermatids
(arrows) are stained with IgM.
Fig. 72 The stage VIII of the epithelium consisting of the type A
spermatogonia, spermatocytes (P) in the pachytene stages of
the prophase, step 8 spermatids and step 19 spermatids
(arrows). The nuclei of the spermatogonia, spermatocytes,
the younger, spermatids are stained with IgM. Older
spermatids were not stained.
Fig. 73 The stage X of the epithelium consisting of the type A
spermatogonia, spermatocytes in the leptotene (L) and
pachytene stages (P) of the prophase, elongating step 11
spermatids. The nuclei of the spermatocytes, the elongating







Fig. 74 Two light micrograph showing similar stage of
differentiation. Bars= 50 µm.
Fig. 74A The stage XII consisting of the type A spermatogonia,
spermatocytes in the leptotene (L) and pachytene stages (P)
of the prophase, elongating step 12 spermatids. The nuclei
of the spermatocytes, the elongated spermatids (arrow) are
stained with IgM.
Fig. 74B The stage XHI were consisted of the type A spermatogonia,
spermatocytes in the leptotene (L) and pachytene stages (P)
of the prophase, slightly contracted step 13 spermatids. The
nuclei of the spermatocytes, the differentiating spermatids





Fig. 75-109 TEM of the different cells in the rat
seminiferous epithelium during
spermatogenesis stained with IgM and 10 nm
colloidal gold-antibody.
Fig. 75 The low power electron micrograph of a spermatogonium
with a prominant nucleoli. Part of the nucleus was
magnified. BL, basal laminar N, nucleus. Bar= 1 µm.
Fig. 76 The high magnification of the nucleus and the nucleolus
showing the gold particles in the heterochromatin (arrows)
and the euchromatin (arrow head). N, nucleus NC,







Fig. 77 The low power electron micrograph of the mitotic division
of the spermatogonium. The chromosomes are dispersed in
the cytoplasm. BL, basal laminar. Bar= 1µm.
Fig. 78 The high power electron micrograph of the chromosomes







Fig. 79 A low power electron micrograph showing two daughter
cells after the division of the spermatogonium. Part of the
nucleus was magnified in the Fig. 81. N, nucleus. Bar= 1
µm.
Fig. 80 The high power micrograph showing the nucleus formed by
the decondensing chromatins. Gold particles (arrows) were
mainly located in the nucleus (N). Bar= 0.5 µm.

Fig. 81 A low power micrograph showing a pachytene spermatocyte
with several synaptonemal complex (SC) in the nucleus
(N). A sex vesicle (SV) containing dispersed sex
chromosomes was observed. Bar= 1 pm.
Fig. 82 A portion of the nucleus magnified to show a synaptonemal
complex (SC). attached to the nuclear peripheral. Gold
particles (arrows) were found in the dense chromatin neat








Fig. 83 A low power electron micrograph showing the
chromosomes of the meiotic division of the spermatocytes.
part of the mitotic chromosomes (MC) was magnified in
Fig. 84. Bar= 1µm.
Fig. 84 The mitotic chromosomes (MC) are shown with gold





Fig. 85 A low power micrograph of the nuclei of a spermatid
formed after the mitotic division. N, nucleus. Bar= 1 µm.
Fig. 86 From the higher magnification of the nucleus (N) in Fig.
86, the gold particles (arrows) were identified in the dense




Fig. 87 TEM of a early step 1 spermatid after division showing a
prominant round body in the nucleus (N) Gold particles
(arrows) are localized in the chromatins. Bar= 1 µm.
Fig. 88 In the higher magnification, the gold particles (arrows). are





Fig. 89 TEM micrograph of a late step 1 spermatid showing a
spherical nucleus. Two portions of the nucleus are
magnified in Fig. 90 and 91. Bar= 1 µm.
Fig. 90 The high magnification showing gold particles (arrows) in
the nucleus (N). Proacrosomic granules (arrow head) are





Fig. 91 Another micrograph showing gold particles (arrows) in the
nucleus. In the cytoplasm, a dense structure is observed
(arrow head) that may indicate the primordial chromatoid
body. Bar= 0.5 µm.
Fig. 92 A low power electron micrograph showing a step 2
spermatid with two prominent proacrosomic granules in the
Golgi apparatus (G). Part of the nucleus was magnified in
Fig. 2. Bar= 1 µm.
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Fig. 93 In the higher magnification of the nucleus, gold particles
(arrows) were dispersed in the chromatins. Bar= 0.5 µm.
Fig. 94 A low electron micrograph of a step 6 spermatid with a
large flattened acrosomal head cap (A) covering the apical
part of the nucleus. A prominent nucleolus was observed in
the nucleus. Two portions of the nucleus were magnified in
Fig. 95 and 96. Bar= 1 µm.
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Fig. 95 In the apical part of the nucleus (N), a group of gold
particles were observed in the nuclear peripheral just
beneath the acrosomic granule. Other gold particles are
located inside the nucleus. Bar= 0.5 µm.
Fig. 96 This micrograph demonstates a nucleolus (NU) in the
nucleoplasm. Gold particles (arrows) were distributed within




Fig. 97 TEM micrograph of a step 9 spermatid showing a change
in the shape of the nucleus (N) and the acrosome cap.
Cytoplasm was displaced to the opposite pole of the
nucleus and the chromatoid body (CB) was situated to one
side of the developing connecting piece (c) of the .tail.
Within the cytoplasm, the microtubules of the manchette
(M) extended from the anterior perinuclear ring into the
post-nuclear cytoplasm. Bar= 1 µ,m.
Fig. 98 Higher magnification of the nucleus beneath of the
acrosomeal cap (A). Gold particles (arrows) were found
inside the nucleus and seemed specially bound to the









Fig. 99 The higher magnification of the posterior nuclear pole of
the nucleus showing the inplantation fossa of the
developing connecting piece (c). Gold particles were found
in the nucleus (arrow) and in the chromatoid body (arrow
heads). M, machette. Bar= 0.5 µm.
Fig. 100 The step 10 spermatid showing a changes in the nuclear
structure that intranuclear flocculent densities were less
apparent than earlier spermatids. A, acrosomal cap N,







Fig. 100-103 A higher magnification of three portions of
the step 10 spermatid. Gold particles (arrows)
were reduced in number when compared with






Fig. 104 Inside the step 12 nucleus, chromosomal condensation was
indicated by the increase in intensity in the nucelus.
Different portions of the spermatid were manified in Fig.
105-107. A, acrosomal cap M, machette. Bar= 1 µm.
Fig.105 The higher magnification of the anterior part of the step 12
spermatid showing the condensed chromatin. Some gold
particles were found associated with the condense chromatin
(arrows). Bar= 0.5 µm.
Fig. 106 The higher magnification of the middle portion of the step
12 spermatid showing a less condensed fiber-like chromatin.
The number of gold particles was reduced as compared
with the early spermatids and were assciated with the
condense chromatin (arrows). Bar= 0.5 µm.
Fig.107 The posterior end of the step 12 spermatid showing similar









Fig. 108 The step 15 spermatid in the micrograph shown a
homogenous dense nuclei. At this step, a lot of gold
particles were identified inside the nucleus. G, Golgi
apparatus of *a younger-step 1 spermatid. Bar= 1 µm.
Fig. 109 A higher magnification of the posterior end of a more
mature sperm nuclei (N). Gold particles were concentrated




Fig. 110 SEM micrograph of the decapitated sperm stained with IgM
and 5 nm colloidal gold-antibody. The gold particles
(arrows) on the surface were enhanced by the silver
impregnation. Bar= 1 µm.
Fig. 111 TEM of the above treated spermatozoa shown the silver
enhanced particles (large arrow heads) in the outer surface
of the sperm nucleus. The acrosomal cap (A) is still
remains in this nucleus but the nuclear membrane is
interrupted (small arrow heads). Bar= 0.2 µm.

Fig. 112 SEM of the decapitated and decondensed nuclei showing
that the shape of the sperm head has swelled and elongated
after the treatment. The posterior and anterior part of the
sperm were magnified in Fig 113 and 114 respectively.
Bar= 1µm.
Fig. 113 The posterior pole of the above treated sperm showing this
threads from the the outer surface. Bar= 1 µm.
Fig. 114 The anterior pole of the treated sperm also showec




Fig. 115 TEM of the decapitated and decondensed sperm heads
stained with IgM and 10 nm colloidal gold-antibody. The
acrosomal cap and nuclear membrane were removed and
the chromatin were dispersed. A lot of outer dense fiber
was also obtained from the disrupted tail. Gold particles
(arrow head) are easily identified in the decondensed nuclei.
Bar=1µm.
Fig. 116 The higher magnification of a transverse sperm nucleus
showing that the gold particles (arrows) are mainly
associated with the dense particles inside the nucleus. Thin
strand of DNA (arrow head) devoid of nucleosomal
structure radiates out from the surface of the nucleus. Bar--
0.2 µm.
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